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What Is This Health Technology Assessment About? 

Single-sided deafness is profound sensorineural hearing loss (damage to the hearing organ or hearing nerve in the 
inner ear) or non-functional hearing in one ear, with normal or near-normal hearing in the other ear. Hearing in only 
one ear makes it hard to tell where sound is coming from and to hear in noisy environments. Conductive hearing loss 
is a mechanical problem with the ear’s ability to conduct sound vibrations. Mixed hearing loss is a combination of 
sensorineural and conductive hearing loss. Conductive and mixed hearing loss frequently affect both ears, which 
creates additional challenges for people in school, work, and social life. Cochlear and bone-conduction implants may 
help some people who cannot use standard hearing aids. Currently in Ontario, a limited number of people with 
hearing loss receive implantable hearing devices at no cost, whereas some others pay part or all of the cost of the 
device. 
 
This health technology assessment looked at how safe, effective, and cost-effective surgically implanted hearing 
devices are for three types of hearing loss and what the budget impact of publicly funding these devices would be. It 
also looked at the experiences, preferences, and values of people with single-sided deafness or conductive or mixed 
hearing loss. 

 

What Did This Health Technology Assessment Find? 

The best available evidence shows that cochlear and bone-conduction implants helped people with single-sided 
deafness or conductive or mixed hearing loss hear better and improved their hearing-specific quality of life. For 
people with single-sided deafness, cochlear implants may be cost-effective compared with no hearing aids or no 
implant. Bone-conduction implants are not as attractive from a cost-effectiveness perspective but are acceptable to 
patients who cannot use cochlear implants. For conductive or mixed hearing loss, bone-conduction implants may be 
cost-effective compared with no hearing aids or no implant. However, these findings depend largely on limited data 
about how people’s overall quality of life (measured by generic quality-of-life measures, often less sensitive than 
hearing-specific measures) changes after an implant. We estimate that publicly funding cochlear implants for people 
with single-sided deafness would cost $2.8 million to $3.6 million over the next 5 years, with an additional $0.8 million 
needed for bone-conduction implants. We estimate that publicly funding bone-conduction implants for people with 
conductive or mixed hearing loss would cost an additional $3.1 million to $3.3 million over the next 5 years. 
 
People with hearing loss with whom we spoke reported believing that implantable devices are better than standard 
hearing aids even if the implants have some limitations. Some people experienced high out-of-pocket costs to get or 
maintain their device.
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ABSTRACT 

Background 

Single-sided deafness refers to profound sensorineural hearing loss or non-functional hearing in 
one ear, with normal or near-normal hearing in the other ear. Its hallmark is the inability to 
localize sound and hear in noisy environments. Conductive hearing loss occurs when there is a 
mechanical problem with the conduction of sound vibrations. Mixed hearing loss is a 
combination of sensorineural and conductive hearing loss. Conductive and mixed hearing loss, 
which frequently affect both ears, create additional challenges in learning, employment, and 
quality of life. Cochlear implants and bone-conduction implants may offer objective and 
subjective benefits of hearing for people with these conditions who are deemed inappropriate 
candidates for standard hearing aids and do not meet the current indication (i.e., bilateral 
deafness) for publicly funded cochlear implants in Canada.  
 

Methods 

We conducted a health technology assessment, which included an evaluation of clinical benefits 
and harms, cost-effectiveness, budget impact, and patient preferences and values related to 
implantable devices for single-sided deafness and conductive or mixed hearing loss. We 
performed a systematic literature search for systematic reviews and cost-effectiveness studies 
of cochlear implants and bone-conduction implants, compared to no interventions, for these 
conditions in adults and children. We conducted cost–utility analyses and budget impact 
analyses from the perspective of the Ontario Ministry of Health to examine the impact of publicly 
funding both types of hearing implants for the defined populations. We also interviewed  
22 patients and parents of children about their experience with hearing loss and hearing 
implants.  
  

Results 

We included 20 publications in the clinical evidence review. For adults and children with single-
sided deafness, cochlear implantation when compared with no treatment  improves speech 
perception in noise (% correct responses: 43% vs. 15%, P < .01; GRADE: Moderate), sound 
localization (localization error: 14º vs. 41º, P < .01; GRADE: Moderate), tinnitus (Visual Analog 
Scale, loudness: 3.5 vs. 8.5, P < .01; GRADE: Moderate), and hearing-specific quality of life 
(Speech Spatial and Qualities of Hearing Scale, speech: 5.8 vs. 2.6, P = .01; spatial: 5.7 vs. 2.3, 
P < .01; GRADE: Moderate); for children, speech and language development also improve 
(GRADE: Moderate). For those with single-sided deafness in whom cochlear implantation is 
contraindicated,  bone-conduction implants when compared with no intervention provide 
clinically important functional gains in hearing thresholds (36–41 dB improvement in pure tone 
audiometry and 38–56 dB improvement in speech reception threshold, P < .05; GRADE: 
Moderate) and improve speech perception in noise (signal-to-noise ratio −2.0 vs. 0.6, P < .05 for 
active percutaneous devices; signal-to-noise ratio improved by 1.3–2.5 dB, P < .05 for active 
transcutaneous devices; GRADE: Moderate) and hearing-specific quality of life (Abbreviated 
Profile for Hearing Aid Benefit, ease of communication: 12%–53% vs. 24%–59%; background 
noise: 18%–48% vs. 33%–79%; listening in reverberant condition: 26%–55% vs. 41%–65%,  
P < .05 [active percutaneous devices]; ease of communication: 7% vs. 20%; background noise: 
46% vs. 69%; listening in reverberant condition: 27% vs. 43%; P < .05 [active transcutaneous 
devices]; Children’s Home Inventory for Listening Difficulties score 7.3 vs. 3.4; P < .05 [passive 
transcutaneous devices]; GRADE: Moderate). For those with conductive or mixed hearing loss, 
bone-conduction implants when compared with no intervention improve hearing thresholds 
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(improved 19–45 dB [active percutaneous devices], improved 24–37 dB [active transcutaneous 
devices], improved 31 dB [passive transcutaneous devices], and improved 21–49 dB [active 
transcutaneous middle-ear implants]; GRADE: Moderate), speech perception (% correct: 77%–
93% vs. < 25%; P < .05 [active transcutaneous devices], % speech recognition: 55%–98% vs. 
0–72%; P < .05 [active transcutaneous middle-ear implants]; GRADE: Moderate), and hearing-
specific quality of life and subjective benefits of hearing (GRADE: Moderate). 
 
In the cost–utility analyses, cochlear implants for adults and children with single-sided deafness 
provided greater health gains for an incremental cost, compared with no intervention. On 
average, the incremental cost-effectiveness ratio (ICER) was between $17,783 and $18,148 per 
quality-adjusted life-year (QALY). At a willingness-to-pay of $100,000 per QALY, 70% of the 
simulations were considered cost-effective. For the same population, bone-conduction implants 
were not likely to be cost-effective compared with no intervention (ICER: $402,899–
$408,350/QALY). Only 38% of simulations were considered cost-effective at a willingness-to-
pay of $100,000 per QALY. For adults and children with conductive or mixed hearing loss, 
bone-conduction implants may be cost-effective compared with no intervention (ICER: $74,155–
$87,580/QALY). However, there was considerable uncertainty in the results. At a willingness-to-
pay of $100,000 per QALY, only 50% to 55% of simulations were cost-effective. In sensitivity 
analyses, results were most sensitive to changes in health-related utilities (measured using 
generic quality-of-life tools), highlighting the limitations of currently published data (i.e., small 
sample sizes and short follow-up).  
 
For people with single-sided deafness, publicly funding cochlear implants in Ontario would result 
in an estimated additional cost of $2.8 million to $3.6 million in total over the next 5 years, and 
an additional $0.8 million would be required for bone-conduction implants for this population. 
For people with conductive or mixed hearing loss, publicly funding bone-conduction implants 
would cost an estimated additional $3.1 million to $3.3 million in total over the next 5 years. 
 
In interviews, people with single-sided deafness and conductive or mixed hearing loss reported 
that standard hearing aids did not meet their expectations; therefore, they chose to undergo 
surgery for an implantable device. Most participants with experience of a cochlear implant or 
bone-conduction implant spoke positively about being able to hear better and enjoy a better 
quality of life. People with a cochlear implant reported additional benefits: binaural hearing, 
better sound localization, and better hearing in noisy areas. Cost and access were barriers to 
receiving an implantable device.  
 

Conclusions 

Based on evidence of moderate quality, cochlear implantation and bone-conduction implants 
improve functional and patient-important outcomes in adults and children with single-sided 
deafness and conductive or mixed hearing loss. Qualitative results of interviews with patients 
are consistent with the findings of the systematic reviews we examined.  

Among people with single-sided deafness, cochlear implants may be cost-effective compared 
with no intervention, but bone-conduction implants are unlikely to be. Among people with 
conductive or mixed hearing loss, bone-conduction implants may be cost-effective compared 
with no intervention. Results and uncertainty are mainly driven by changes in health utilities 
associated with having a hearing implant. Hence, further research on utility values in this 
population is warranted with larger sample sizes and longer follow-up. 

The 5-year cost of publicly funding both types of hearing implant for single-sided deafness and 
conductive or mixed hearing loss in Ontario is estimated to be $6.7 million to $7.8 million.  
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OBJECTIVE 

This health technology assessment looked at the effectiveness, safety, and cost-effectiveness 
of cochlear implants and bone-conduction implants for adults and children with single-sided 
deafness and the use of bone-conduction implants for adults and children with conductive or 
mixed hearing loss. It also looked at the budget impact of publicly funding these implantable 
devices, as well as the preferences, values, and experiences of people with single-sided 
deafness, conductive hearing loss, or mixed hearing loss. 
 

BACKGROUND 

Health Condition 

Single-Sided Deafness 

Single-sided deafness is the most severe level of unilateral (single-sided) sensorineural hearing 
loss, which occurs when there is damage to the hair cells in the cochlea (the sensory organ in 
the inner ear) or to the neural pathways of hearing (the nerve pathways between the inner ear 
and the brain). Single-sided deafness is defined as having non-functional hearing or a hearing 
level of 90 decibels (dB HL) or greater in one ear, with normal or near-normal hearing in the 
other ear.1 In a hearing test, a person with single-sided deafness cannot hear in their deafened 
ear until the volume is at least 90 dB, about the noise level of a power lawn mower.  
 
With one hearing ear and one deafened ear, people with single-sided deafness cannot separate 
sound and noise signals from spatially separated sources (squelch effect), and they do not have 
the doubling of auditory input (summation effect) that binaural (two-ear) hearing provides.2 In 
addition, the head creates a baffle or auditory shadow that blocks sounds from reaching the 
hearing ear (head shadow effect).3 These effects lead to the major deficits associated with 
single-sided deafness: people have difficulty localizing sound (identifying which direction it 
comes from) and perceiving speech, particularly in noisy environments or where multiple people 
are talking at once.  
 
About 1 in 1,000 children is born with some degree of unilateral hearing loss.4,5 The prevalence 
of the condition increases with age to an estimate of more than 5% in school-aged children as a 
result of delayed-onset congenital hearing loss and acquired hearing loss.6 About 10% of 
children born with any degree of unilateral hearing loss eventually progress to bilateral hearing 
loss (hearing loss in both ears).7 In adults, acquired single-sided deafness is estimated to affect 
12 to 27 per 100,000 people in the general population.8 
 
The causes of congenital single-sided deafness in children include temporal bone abnormalities, 
cochlear dysplasia, cochlear nerve aplasia and hypoplasia, and congenital cytomegalovirus 
infection. Acquired single-sided deafness in children is caused by meningitis, head trauma, ear 
surgery, or ototoxic medications (drugs that cause damage to the inner ear).9,10 For adults, most 
acquired single-sided deafness arises suddenly and has an unknown cause, possibly due to 
viral or vascular injuries. Other causes include head trauma, ototoxic medications, viral 
infections, Meniere disease, and complications of surgery (e.g., removal of acoustic neuroma).11 
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Conductive Hearing Loss and Mixed Hearing Loss 

Conductive hearing loss occurs when there is a mechanical problem with the conduction of 
sound vibrations in the external and middle ear. On testing, this results in an air–bone gap, a 
diagnostic term describing that the patient’s hearing is weak when sound is transmitted through 
air but normal when transmitted via bone conduction, using a device that vibrates the bones in 
the head (bypassing the dysfunctional middle ear structures). Conductive hearing loss is defined 
as having a bone-conduction threshold of less than 20 dB HL with an air-conduction threshold of 
more than 20 dB HL, creating an air–bone gap of more than 10 dB. The degree of conductive 
hearing loss is determined by the difference between the air- and bone-conduction thresholds. 
The maximum air–bone gap possible is about 65 dB.  
 
Mixed hearing loss is a combination of conductive hearing loss and sensorineural hearing loss. 
Mixed hearing loss occurs when the bone-conduction threshold is more than 20 dB HL and the 
air–bone gap is more than 10 dB.  
 
Conductive hearing loss results from conditions that affect the ability of the outer or middle ear 
structures to transmit sound vibrations to the inner ear. Causes include middle ear fluids, 
trauma, infections, eardrum perforation, aural atresia (the congenital malformation of the ear 
canal and middle ear), cholesteatoma (a noncancerous skin growth that can destroy the middle 
ear structure), otosclerosis (abnormal bone growth) that results in stapes fixation (a condition in 
which the innermost bone in the middle ear cannot vibrate), and other malformations or 
discontinuities in the ossicles (the three small bones in the middle ear). 
 
Conductive hearing loss accounts for 90% to 95% of all cases of childhood hearing loss, with 
middle ear effusion (a buildup of fluid behind the eardrum) among the most common causes. 
Conductive hearing loss is generally self-limiting and resolves over time with or without surgical 
interventions such as tympanostomy tubes. 
  
Permanent, congenital, or acquired conductive hearing loss caused by obstruction, dysfunction, 
malformation, or destruction of the outer ear and/or middle ear structures (i.e., conditions such 
as aural atresia) is relatively rare but may cause lasting deficits in speech and language 
development and educational outcomes if not managed early.12  
 
Cholesteatomas have both congenital and acquired causes, with the acquired form being 
associated with chronic otitis media (middle ear infection).13 In children with a history of chronic 
otitis media, approximately 0.1% to 2% will develop a cholesteatoma within 8 years.14  
 
Otosclerosis initially leads to conductive hearing loss in the lower sound frequencies, but as the 
disease advances, it comes to affect all frequencies. It usually occurs between the ages of  
15 and 40 years.15  
 

Clinical Need and Target Population 

Single-Sided Deafness 

Single-sided deafness in children has a substantial negative impact on the developing auditory 
system and on spoken language development.16 Children with single-sided deafness are at 
higher risk of delayed speech-language development (trouble producing sounds and/or 
understanding speech), poor academic performance, behavioural problems, and decreased 
quality of life than their normal-hearing peers.17-20 These learning and psychosocial deficits are 
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likely largely a result of impaired binaural hearing; children with single-sided deafness hear only 
about one-third of speech around them.21 
 
In early childhood, single-sided deafness can lead to aural preference syndrome. This occurs 
when the developing auditory pathway reorganizes to prefer the hearing ear, leaving the 
deafened ear weakly represented in the auditory system.16 The resulting asymmetry makes it 
difficult for children to process cues about the timing and level of sounds, cues that would help 
them localize sound and perceive speech in noisy environments.16 Early restoration of hearing 
symmetry by ensuring both ears receive effective stimulation during a sensitive period of 
auditory development could secure the function of the deafened ear and restore binaural 
hearing.22  
 
As noted, adults adapting to the loss of hearing in one ear experience difficulties localizing 
sound or conversing in an environment with background noise.11 These functional difficulties 
have been shown to affect social and psychological well-being. Social consequences include 
reduced social interaction and quality of life.23 Psychological impacts include worry about 
possible loss of hearing in the opposite ear, embarrassment related to the social stigma of 
hearing loss, and reduced confidence in one’s ability to participate in social activities.24 In 
addition, listening fatigue plays a substantial role in the negative effects associated with single-
sided deafness.25 
 

Conductive Hearing Loss and Mixed Hearing Loss 

People with conductive hearing loss perceive sounds as soft, due to dysfunction of the outer or 
middle ear structures that physically block part of the space within the ear. People with 
conductive hearing loss due to chronic drainage from middle ear effusion are not able to wear 
conventional hearing aids to amplify sounds. As with other types of disabling hearing loss, 
conductive and mixed hearing loss have significant impact on children’s language development, 
educational outcomes, and social development.26,27 For adults, conductive and mixed hearing 
loss also compromise communication, psychosocial well-being, quality of life, and economic 
independence.28  
 

Current Treatment Options 

Single-Sided Deafness 

Treatment for single-sided deafness can focus on redirecting sound to the hearing ear or on 
trying to revive the deafened ear, through the use of various devices. The choice of treatment 
depends on the cause and duration of deafness, and the person’s needs. Two treatment options 
overcome the head shadow effect but do not restore binaural hearing: hearing aids that use a 
wireless microphone technology to divert sound from the deafened ear to the hearing ear (these 
are known as contralateral routing of signal, or CROS, hearing aids), and a bone-conduction 
device worn as a hearing aid or implanted into the skull to activate the hearing ear via bone 
vibration. A third option is to restore binaural hearing by stimulating the deafened ear directly 
through a cochlear implant (described below, Health Technology Under Review).  
 

Conductive Hearing Loss and Mixed Hearing Loss 

Depending on the underlying cause, conductive and mixed hearing loss can be treated 
medically or surgically. For a subgroup of people who do not benefit from conventional hearing 
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aids, such as those with chronic drainage, congenital aural atresia, or an allergy to hearing aid 
materials, a bone-conduction implant is indicated to restore hearing. 
 

Health Technology Under Review 

This health technology assessment reviewed hearing loss treatment devices that are surgically 
inserted: cochlear implants and bone-conduction implants. We did not review nonsurgical 
options for the use of hearing devices, including CROS hearing aids, conventional hearing aids, 
and bone-conduction hearing aids.  
 
Cochlear implants can be used to treat single-sided deafness. Bone-conduction implants can 
also be used to treat single-sided deafness and conductive or mixed hearing loss. 
 

Cochlear Implants 

The cochlea is a part of the inner ear composed of sensory cells (hair cells) that convert 
vibrations into neural messages, which are then passed to the auditory nerve and brain and 
perceived as sound. A cochlear implant bypasses the inner ear to stimulate the auditory nerve 
with electrical pulses. This is intended to stimulate the afferent auditory pathways (the nerves 
that carry sensory information from the inner ear up to the brain) and generate sound 
perception. The device is designed for people with severe to profound sensorineural hearing 
loss as a result of damage to the cochlea and/or its communication with the primary auditory 
nerve. People with this type of hearing loss typically still have enough primary auditory neurons 
to be stimulated by the electrical pulses. More central parts of the afferent auditory pathway, 
including the auditory cortex, can process the electrical input, translating it into detectible sound. 
In this way, cochlear implant users can learn to recognize speech, environmental sounds, noise, 
and music.  
 
A cochlear implant system has two parts. The first part is an external wearable device that 
contains a microphone, a speech processor, a battery, and a transmitter. It detects sound and 
assesses its frequency and amplitude components over time. The second part, which is 
surgically implanted in the cochlea, has a series of electrical contacts placed along an array. 
The external equipment sends information about external sound to the internal components via 
radio frequency waves. Instructions are sent regarding which electrodes should provide 
electrical pulses and at what level over time. High frequencies are allocated to electrodes at the 
basal end (bottom) of the array with progressively lower frequencies allocated more apically (at 
the top end of the array).  
 

Bone-Conduction Implants 

A number of implantable devices are currently available to achieve vibro-conduction bone 
stimulation for people with single-sided deafness or conductive or mixed hearing loss. These 
devices rely on the efficient transmission of sound into the cochlea through vibration of the skull 
or structures of the middle ear (i.e., the ossicular chain and the round window membrane). They 
are generally categorized as passive or active implants. Figure 1 shows the bone-conduction 
implant devices currently licensed by Health Canada.  
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Figure 1: Classification of Bone-Conduction Implants  

 
 

Passive Bone-Conduction Implants 

A passive device has an implantable magnet unit that is osseointegrated (meaning it anchors to 
the bone) and an external device that drives sound vibration into the skull through the skin. 
Leaving the skin intact is clearly advantageous for the person; however, this type of device has 
limited gain (acoustic power), particularly in the high frequency range, compared with active 
devices. Currently available passive devices include the Cochlear Baha Attract and the 
Medtronic Alpha 2 MPO ePlus (formerly known as Medtronic Sophono Alpha 2 MPO). Based on 
their characteristics, passive devices are generally considered to be adequate and effective for 
conductive and mixed hearing loss, but of limited gain and function for single-sided deafness. 
 

Active Bone-Conduction Implants 

An active device enables sound transmission by directly coupling a transducer’s vibro-acoustic 
properties with the inner ear, either via the skull bones or the structures of the middle ear. A 
transducer is a device that converts physical changes such as vibration into electrical signals, or 
vice versa.  

The Cochlear Baha Connect and the Oticon Ponto are active percutaneous devices, meaning 
they include a component (called an abutment) that is placed through the skin. Outside the skull 
is a transducer that transmits sound by coupling to an osseointegrated screw system. These 
devices are commonly called bone-anchored hearing aids. The implant base of the Cochlear 
Baha Connect is a migrational platform that can change the device from being active to passive, 
or vice versa. 
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The MED-EL Bonebridge is an active transcutaneous device, meaning the implant remains 
under intact skin. It has an external wearable audio processor coupled to the skull with a 
magnet. The device records sound and converts it into signals that are then transferred through 
the skin to an internal implanted transducer. The implant is embedded in the temporal bone 
(surrounding the inner and middle ear) which converts the sound signals into mechanical 
vibrations that are transmitted to the surrounding bone. The bone conducts these vibrations to 
the inner ear where they are converted to nerve signals and transmitted as impulses to the 
auditory nerve. MED-EL Bonebridge is the only active transcutaneous bone-conduction implant 
available in Canada at present. This device received Health Canada approval in 2013. Since it 
is a relatively new device, there is not much published data available yet.  
 
Middle ear implants are active transcutaneous devices that use vibro-conductive stimulation 
directed at the structures of the middle ear to achieve inner ear stimulation. This type of device 
is designed for those with mixed hearing loss, as the gain achieved (acoustic power) is higher. 
The MED-EL Vibrant Soundbridge has a similar design as the MED-EL Bonebridge; both are 
partially implantable with an external audio processor and an implant system which is surgically 
placed under the skin. The Vibrant Soundbridge device requires a more precise placement into 
structures of the middle ear. The Cochlear Carina is a fully implantable device with an internal 
microphone and a middle ear transducer attached to the stapes bone. 
 

Regulatory Information 

Cochlear implantation systems available in Canada come from at least four manufacturers: 
Advanced Bionics (Switzerland), Cochlear Limited (Australia), MED-EL AG (Austria), and Oticon 
Medical (Denmark). They are licensed by Health Canada as Class III devices. 
  
Cochlear implants by MED-EL, Oticon, and Advanced Bionics are approved by Health Canada 
for treatment of single-sided deafness. As of March 2020, Cochlear Limited is preparing an 
application for Health Canada approval to use its cochlear implants to treat single-sided 
deafness. The Cochlear Carina middle ear implant is not being used or promoted for clinical 
practice in Canada; it has been used only in research. Its Health Canada licence was 
discontinued in September 2018. 
  
Table 1 lists the bone-conduction implants licensed by Health Canada as Class III devices.  
 



 March 2020 

Ontario Health Technology Assessment Series; Vol. 20: No. 1, pp. 1–165, March 2020 18 

Table 1: Manufacturer Information on Bone-Conduction Implants Licensed for Use in Canada  

Device Name Manufacturer Health Canada Licence Number 

Passive transcutaneous bone-conduction implants 

Baha Attract Cochlear Limited 11960 

Alpha 2 MPO ePlus Medtronic 87657 

Active percutaneous bone-conduction implants 

Baha Connect Cochlear Limited 11960 

Ponto  Oticon Medical 83679 

Active transcutaneous bone-conduction implants 

Bonebridge MED-EL AG 90672 

Active transcutaneous middle ear implants 

Carina Cochlear Limited 87848 

Vibrant Soundbridge MED-EL AG 74428 

 
 

Ontario Context 

In Canada, most provincial ministries have created mechanisms to fund bone-conduction 
implants for conductive hearing loss in both ears. Implantable devices for single-sided deafness, 
including cochlear implants and bone-conduction implants, are not publicly funded anywhere in 
Canada.  
 
In Ontario, cochlear implants are publicly funded for adults and children with severe to profound 
bilateral sensorineural hearing loss. Historically, one cochlear implant has been publicly funded; 
more recently, Health Quality Ontario has recommended that a second implant also be publicly 
funded.29 Cochlear implants are not publicly funded for people with single-sided deafness. 
Bone-conduction implants are not publicly funded in Ontario for any type of hearing loss. A 
small number of people have received these devices funded by philanthropy, research grants, 
or from hospital budgets. In addition to the four implant centres in the Ontario Cochlear Implant 
Program, one community hospital has been implanting bone-conduction devices for adults with 
conductive hearing loss. 
 
According to the Ontario Cochlear Implant Program’s candidacy guidelines, there are three 
clinical indications for cochlear implantation in adults with single-sided deafness: (1) single-
sided deafness due to acute or chronic causes (e.g., auto-immune disease, idiopathic viral 
neuropathy, acoustic neuroma or other intracranial tumors) where the other ear is at risk of 
future deterioration, (2) single-sided deafness from subacute or chronic inner ear disease, 
where other forms of sound amplification have been unsuccessful (i.e., CROS aids, bone-
conduction hearing aids), and (3) a duration of deafness less than 10 years. To have good 
hearing outcomes, patients must be willing to participate in a program of auditory rehabilitation 
(speech and sound exercises). In children with single-sided deafness, the duration of deafness 
(i.e., less than 4 years) and etiology of hearing loss (e.g., meningitis) are major factors to 
consider for cochlear implantation. The Ontario Cochlear Implant Program estimates the clinical 
need for cochlear implants for adults and children with single-sided deafness to be 24 devices 
per year.  
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Some people with single-sided deafness are not candidates for a cochlear implant, such as 
those with cochlear nerve aplasia and those whose inner ear is contraindicated for implantation 
(e.g., prior surgical removal of an acoustic neuroma). These people may be considered for 
bone-conduction implants to restore hearing. However, a meta-analysis found that 
approximately 50% of people who tried a bone-conduction implant were not using it after a trial 
period.30 Therefore, only people with a reasonably successful CROS trial and realistic 
expectation of improved hearing, and for whom a cochlear implant is not an option, would be 
considered eligible for a bone-conduction implant. The Ontario Cochlear Implant Program 
estimates the clinical need for bone-conduction implants for adults and children with single-
sided deafness who are contraindicated for cochlear implantation to be 11 devices per year.  
 
For people with conductive or mixed hearing loss, candidates for bone-conduction implants are 
those who would benefit from sound amplification but cannot use conventional air-conduction 
hearing aids. Candidacy is based on the person’s hearing profile, age, needs, perceived risks, 
and preference. According to Health Canada’s indications, the minimum age for children to 
receive a bone-conduction implant is 5 years old. The Ontario Cochlear Implant Program 
estimated the clinical need for bone-conduction implants for adults and children with conductive 
or mixed hearing loss to be 57 devices per year in both implant centres and community 
hospitals.  
 
In the United Kingdom, bone-conduction implants have been routinely used and funded for 
more than 30 years for anyone with any type of hearing loss. The National Health Service 
(NHS) England clinical commissioning policy on bone-conduction implants states that, despite a 
lack of high-quality evidence, they are the only treatment option to restore hearing in a small 
number of patients and it is not appropriate to conduct randomized controlled trials for the 
clinical conditions that warrant the use of these implants.31   
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CLINICAL EVIDENCE 

Research Questions 

1. What are the clinical benefits and harms of cochlear implants in adults and children with 
single-sided deafness? 

2. What are the clinical benefits and harms of bone-conduction implants in adults and children 
with single-sided deafness? 

3. What are the clinical benefits and harms of bone-conduction implants in adults and children 
with conductive or mixed hearing loss? 

 

Methods 

We conducted an overview of systematic reviews. We developed the research questions in 
consultation with patients, health care providers, clinical experts, and other health system 
stakeholders. 
 

Clinical Literature Search 

We performed a clinical literature search on January 4, 2018, to retrieve studies published from 
database inception until the search date. We used the Ovid interface in the following databases: 
MEDLINE, Embase, the Cochrane Database of Systematic Reviews, the Health Technology 
Assessment Database, and the National Health Service Economic Evaluation Database (NHS 
EED).  

Medical librarians developed the search strategy using controlled vocabulary (e.g., Medical 
Subject Headings) and relevant keywords. A search filter was applied to limit results to systematic 
reviews, meta-analyses, and health technology assessments. The final search strategy was peer-
reviewed using the PRESS Checklist.32 We created database auto-alerts in MEDLINE and 
Embase and monitored them for the duration of the health technology assessment review.  

We performed targeted grey literature searching of health technology assessment agency 
websites and the PROSPERO register of systematic reviews. See Appendix 1 for the literature 
search strategies, including all search terms.  

Literature Screening 

A single reviewer conducted an initial screening of titles and abstracts and obtained the full text of 
studies that appeared eligible for the review according to the inclusion criteria. We also examined 
reference lists for any additional relevant studies not identified through the literature search.  
 

Inclusion Criteria 

Studies 

• English-language full-text publications 

• Systematic reviews of any study designs if they met all of the following criteria: 

− Specified clearly defined review questions and inclusion and exclusion criteria 
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− Used a reproducible literature search strategy on two or more electronic databases 

− Assessed and reported the methodological quality of the included studies 

 

Participants  

• Adults and children with single-sided deafness 

• Adults and children with conductive or mixed hearing loss 

 

Comparators  

• No treatment 

• No conventional or bone-conduction hearing aids 

 

Interventions 

• Cochlear implants for single-sided deafness 

• Bone-conduction implants for single-sided deafness and conductive or mixed hearing loss 

− Passive transcutaneous bone-conduction implants  

− Active percutaneous bone-conduction implants  

− Active transcutaneous bone-conduction implants  

− Active transcutaneous middle ear implants 

 

Outcomes of Interest 

• Speech perception 

• Sound localization 

• Tinnitus (adults) 

• Subjective benefits of hearing (patient-reported outcomes) 

• Quality of life 

• Adverse events 

• Speech and language development (children) 

 

Data Extraction 

We extracted relevant data on study characteristics and risk-of-bias items using a data form to 
collect information about the following, when available and applicable: 

• Source (i.e., citation information) 

• Methods (i.e., study design, literature search date and databases used, population, 
interventions, comparators, and method of quality assessment) 

• Outcomes (i.e., outcomes measured, number of studies for each outcome, quality 
assessment, outcome definition and source of information, unit of measurement, numeric 
data on results if reported, description of direction of results if numeric data not reported) 
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We extracted data relevant to the research questions and comparators and only on devices 
currently available in Canada. We considered cochlear implants and bone-conduction implants as 
a class of technology instead of reviewing the devices of individual manufacturers, implant models, 
or sound processors.  
 

Statistical Analysis 

Since this is an overview of systematic reviews, we did not pool the results of the included 
systematic reviews. Instead, we undertook a qualitative analysis, summarized the results in tables, 
and described them in the text. 
 

Evidence Synthesis 

Data on clinical benefits and harms were tabulated from the published systematic reviews, without 
reviewing primary studies. If the systematic reviews did not report numeric data from primary 
studies, we report the outcomes using descriptions such as “no change,” “deterioration,” or 
“improvement.”  
 
In assessing functional gains in hearing (the measurement of hearing improvement with the use of 
hearing aids or devices), an improvement of 10 to 15 dB in pure tone average or speech 
recognition thresholds or an improvement of 10% to 15% of speech discrimination score is 
generally considered clinically important.33 However, the size of the air–bone gap in conductive or 
mixed hearing loss directly affects the functional gains.34 For studies that evaluated signal-to-noise 
ratio in the context of an adaptive hearing test, an improvement of 2 to 3 dB is generally 
considered clinically important.33 
 

Critical Appraisal of Evidence 

We assessed risk of bias of the included systematic reviews using the Risk of Bias in Systematic 
Reviews (ROBIS) tool35 (Appendix 2). The ROBIS tool includes four key domains: study eligibility 
criteria; identification and selection of studies; data collection and study appraisal; and synthesis 
and findings.  
 
We evaluated the quality of the body of evidence for each outcome according to the Grading of 
Recommendations, Assessment, Development, and Evaluation (GRADE) Handbook.36  We used 
the review authors’ quality measures as a guide to assess the overall risk of bias. In particular, we 
assessed adequate adjustment of confounding and loss to follow-up in observational studies. We 
determined precision from the presence of a treatment effect and statistical significance reported in 
the included reviews. We assessed directness based on the studies’ target populations and 
interventions. We assessed consistency by looking at the overall direction of results and the 
similarity of point estimates across the included reviews. We determined the presence of 
publication bias by looking at the proportion of small studies and industry-sponsored studies.  
 
The quality score reflects our assessment of the reliability of the evidence. We considered an 
upgrade of the evidence based on magnitude of effect, dose response, and direction of bias.  
 

Expert Consultation 

We consulted clinical experts in otology and audiology from November 2017 to September 2018. 
Our consulted experts provided advice on research questions, review methods and review results, 
and helped to place the evidence in clinical context.  
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Results 

Literature Search 

The literature search yielded 133 citations, after removing duplicates. Twenty systematic reviews 
on clinical benefits met the inclusion criteria. We reviewed the reference lists of the included 
systematic reviews but did not identify any additional relevant systematic reviews. Appendix 3 
provides a list of excluded systematic reviews with reasons for exclusion. Figure 2 presents the 
flow diagram for the Preferred Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA).  
 
The systematic literature search did not identify any relevant studies that addressed the 
complications of cochlear implantation. The clinical epidemiologist searched PubMed, Embase and 
Trip databases from inception to January 2018 using keywords related to complications of 
cochlear implantation (i.e., complications, adverse events, device failure) and used cross-
referencing and input from experts to identify studies on the complications of cochlear 
implantation. The results of this targeted supplementary literature search retrieved studies to 
inform the section on the safety of cochlear implantation in the clinical evidence review.  
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Figure 2: PRISMA Flow Diagram—Clinical Search Strategy  

Source: Adapted from Moher et al.37 

Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses. 

 
 

Characteristics of Included Systematic Reviews 

We identified 20 systematic reviews that evaluated the clinical benefits of implantable devices for 
single-sided deafness and/or conductive or mixed hearing loss. Table 2 describes the number of 
included reviews with respect to their interventions and populations.  
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(n = 93) 
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• Not meeting a priori definition of a 
systematic review (n = 10) 

• Not population of interest (n = 5) 

• Did not specify type of hearing loss  
(n = 1) 

• Not outcome of interest (n = 1) 

• Not comparator of interest (n = 1) 

• Conference proceeding (n = 1) 

• Duplicate (n = 1) Studies included in 
qualitative synthesis 

(n = 20) 
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Table 2: Interventions and Populations of Included Systematic Reviews 

Intervention and Population(s) Number of Reviews Reference(s) 

Cochlear implants for single-sided deafness  3 Peters et al, 201638 

van Zon et al, 201539 

Vlastarakos et al, 201440 

Cochlear implants and bone-conduction implants 
for single-sided deafness 

 1 Kitterick et al, 201641 

Bone-conduction implants for single-sided 
deafness and conductive or mixed hearing loss 

 2 Mandavia et al, 201742 

Sprinzl and Wolf-Magele, 201643 

Bone-conduction implants for single-sided 
deafness 

 3 Appachi et al, 201744 

Kim et al, 201745 

Peters et al, 201546 

Bone-conduction implants for conductive or mixed 
hearing loss 

10 University of Alberta, 201147 

Australia Medical Services Advisory 
Committee, 201034 

Bezdjian et al, 201748 

Colquitt et al, 201149 

Danhauer et al, 201050 

Ernst et al, 201651 

Johnson et al, 200652 

Klein et al, 201253 

Medical Advisory Secretariat, 200254 

Verhaert et al, 201355 

Complications of osseointegrated hearing aids  1 Kiringoda and Lustig, 201356 

 
 
The included systematic reviews report varied outcome measures. For consistency, we grouped 
outcomes into audiometry (i.e., hearing thresholds, functional gains), speech audiometry (i.e., 
speech discrimination, speech recognition, speech perception in quiet and noise), sound 
localization, tinnitus, hearing-specific quality of life (i.e., patient satisfaction, subjective benefits of 
hearing), speech and language development in children, and adverse events.  

 

Methodological Quality of Included Systematic Reviews 

Appendix 2, Table A1, presents results of our risk of bias assessment for the included systematic 
reviews. Seven34,40,43,50,54-56 of the 20 systematic reviews were rated as having high risk of bias. 
The main source of bias was single reviewer in study selection and/or data extraction. Other 
sources of bias included unclear dates of literature search or the number of databases searched.  
 

Cochlear Implants: Effectiveness for Single-Sided Deafness 

Four systematic reviews were on cochlear implantation for single-sided deafness,38-41 and Table 3 
summarizes their results. Two of these reviews included studies in adults only,39,41 one included 
studies in children only,38 and one included studies in both adults and children.40 The 
characteristics of the included systematic reviews are summarized in Appendix 4. 
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Speech Audiometry 

Four systematic reviews reported on speech perception in noise in adults and children.38-41 Speech 
perception in noise was measured using different spatial locations of speech and noise stimuli. All 
included studies measured the S0N0 configuration, meaning both speech and noise are presented 
from the front. Outcomes were reported as either the signal-to-noise ratio (in dB) at which 
participants correctly understood 50% of the speech presented, or the total percentage of correctly 
repeated words. Despite varied test configurations and results, across reviews there was an 
overall improvement of speech perception in noise after cochlear implantation.  
 
The quality of the evidence for speech audiometry was moderate (Appendix 2, Table A2).  
 

Sound Localization 

Four systematic reviews reported on sound localization in adults and children.38-41 Although all 
studies used different test set-ups, they all used localization error as the outcome measure. 
Localization error is the mean difference in degrees between the location of the sound source and 
the source indicated by the patient. All included studies consistently showed an improvement in 
sound localization after cochlear implantation.  
 
The quality of the evidence for sound localization was moderate (Appendix 2, Table A2). 
 

Tinnitus 

Two systematic reviews reported on tinnitus (perceived noise or ringing in the ear) in adults.39,40 
Several subjective scales, including the Visual Analog Scale and Tinnitus Reaction Questionnaire, 
were used to assess tinnitus distress or loudness. All studies showed a reduction of tinnitus after 
cochlear implantation.  
 
The quality of the evidence for tinnitus was moderate (Appendix 2, Table A2). 
 

Hearing-Specific Quality of Life 

Four systematic reviews reported subjective benefits of hearing as a measure of hearing-specific 
quality of life in adults and children.38-41 All studies measured subjective benefits of hearing using 
the Speech, Spatial and Qualities of Hearing Scale (SSQ). For studies in children, the child and 
parent versions of the SSQ were used.38 Subjective benefits of hearing consistently improved after 
cochlear implantation.  
 
The quality of the evidence for hearing-specific quality of life was moderate (Appendix 2,  
Table A2). 
 

Speech and Language Development 

One systematic review measured speech and language development in children using the 
Categories of Auditory Performance II (CAP-II) and Speech Intelligibility Rating (SIR) scores.38 
There was an improvement in CAP-II and SIR scores after cochlear implantation. 
 
The quality of the evidence for speech and language development was moderate (Appendix 2, 
Table A2). 
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Table 3: Summary of Results of Systematic Reviews on Cochlear Implants vs. No Treatment for 
Single-Sided Deafness in Adults and Children 

Author, Year No. of Studies Results Quality Assessment  

Speech audiometrya 

Kitterick et al, 201641 4 Significant improvement in speech perception 
in noise when the implanted ear had a more 
favorable SNR (numeric data not shown) 

Low–moderate quality 

Peters et al, 201638 4 Improvement in speech perception in noise in 
most patients (numeric data could not be 
summarized)b 

Directness of evidence: low– 
moderate 

Risk of bias: moderate–high 

van Zon et al, 201539 6 Significant improvement in speech perception 
in noise when noise is from the better ear side 
and speech from the cochlear implant side 
(correctly repeated HSM 42.5% vs. 14.6%,  
P < .01) 

Improvement or no change in other testing 
configurations 

Directness of evidence: moderate–
high 

Risk of bias: moderate–high 

Vlastarakos et al, 
201440 

7 Improvement in speech perception in noise 
when noise is from the front or the deafened 
eara (numeric data not shown) 

Strength of recommendation: B 
(directly based on category II 
evidence or extrapolated 
recommendations from category I 
evidence) 

Sound localizationa 

Kitterick et al, 201641 3 Improvement in sound localizationb (numeric 
data not shown) 

Low–moderate quality 

Peters et al, 201638 4 Significant improvement in sound localization in 
most patients (RMS 14o vs. 41o, P < .05) 

Directness of evidence: low– 
moderate 

Risk of bias: moderate–high 

van Zon et al, 201539 2 Significant improvement in sound localization 
(RMS 15o vs. 34o, P < .01) 

Directness of evidence: moderate–
high 

Risk of bias: moderate–high 

Vlastarakos et al, 
201440 

6 Improvement in sound localizationb (numeric 
data not shown) 

Strength of recommendation: B 
(directly based on category II 
evidence or extrapolated 
recommendations from category I 
evidence) 

Tinnitusa 

van Zon et al, 201539 6 Significant suppression of tinnitus loudness 
and distress (VAS loudness 3.5 vs. 8.5,  
P < .01)  

Significant decrease in TRQ score (range 
77%–100%) 

Directness of evidence: moderate–
high 

Risk of bias: moderate–high 

Vlastarakos et al, 
201440 

8 Tinnitus improved in 95% of patients Strength of recommendation: B 
(directly based on category II 
evidence or extrapolated 
recommendations from category I 
evidence) 

Hearing-specific quality of lifea 

Kitterick et al, 201641 5 Significant benefits on subjective benefits of 
hearing measured by SSQ (speech: 1.0 [range 
0.6–1.5], spatial: 1.3 (0.7–1.9), qualities: 0.6 
[0.1–1.0])c 

Low–moderate quality 

Peters et al, 201638 1 Significant improvement in subjective benefits 
of hearing measured by child and parent 
version of SSQ (numeric data not shown) 

Directness of evidence: high 

Risk of bias: moderate-–high 
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Author, Year No. of Studies Results Quality Assessment  

van Zon et al, 201539 3 Significant improvement in subjective benefits 
of hearing measured by SSQ (speech: 5.8 vs. 
2.6; P = .01; spatial: 5.7 vs. 2.3; P < .01) 

Directness of evidence: moderate–
high 

Risk of bias: moderate–high 

Vlastarakos et al, 
201440 

5 Improvement in speech and spatial 
components of the SSQ (numeric data not 
shown)b 

Strength of recommendation: B 
(directly based on category II 
evidence or extrapolated 
recommendations from category I 
evidence) 

Speech and language developmenta 

Peters et al, 201638 1 Improvement in CAP-II scores and SIR scores 
in all childrenb 

Directness of evidence: moderate 

Risk of bias: high 

Abbreviations: CAP-II, Categories of Auditory Performance II; HSM, Hochmair-Schulz-Moser sentence test; RMS, root mean square; SIR, Speech Intelligibility 
Rating; SNR, signal-to-noise ratio; SSQ, Speech, Spatial and Qualities of Hearing Scale; TRQ, Tinnitus Reaction Questionnaire; VAS, Visual Analog Scale.  
aOutcomes of speech audiometry, sound localization, and quality of life were for adults and children; outcome of tinnitus was for adults only; outcome of speech 
and language development was for children only.  
bSome results were statistically significant while others were not significant or not reported. 
cEffect sizes are reported as standardized mean differences (SMDs) that express pre–post differences as a multiple of their standard deviations. Positive SMDs 
indicate more favorable outcomes with the intervention.  

 

 

Cochlear Implants: Safety 

None of the included systematic reviews on cochlear implantation in single-sided deafness 
reported adverse events. The supplementary search conducted by the clinical epidemiologist 
identified four observational studies on complications of cochlear implantation, described below.  
 
A retrospective analysis of 500 consecutive cochlear implantations (178 in adults, 322 in children) 
from 1989 to 2006 reported an overall rate of complications of 16%. Revision surgery was 
performed in 10.2% of cases, with the remaining 5.8% managed medically. Among these 
complications, 7.2% involved reimplantation, 3.2% were major complications, and 5.6% were 
minor complications. Reasons for revision surgery included device failure, infection, and trauma. 
Major complications were meningitis and surgery without re-implantation. Minor complications 
were transient facial palsy, wound hematoma, tinnitus, and infections that resolved with medical 
treatment.57 
 
In a retrospective analysis of 403 cochlear implantation (168 in adults, 235 in children) between 
1993 and 2013, the overall complication rate was 19.9%. Among these, 5% were major 
complications requiring surgical revision or hospitalization (e.g., device failure) and 14.9% were 
minor complications requiring conservative management (e.g., infection and vertigo).58 
 
A retrospective review of 2,827 cochlear implantations performed in 2,311 patients between 1982 
and 2011 found 235 cases of revision surgery, and device failure accounted for 57.8% of these 
surgeries. Overall rates of revision surgery and device failure were 8.3% and 4.8%, respectively.59 
One study reported a very low rate of reimplantation (2.9%) among 971 devices implanted in  
738 children from 1990 to 2010. 60 
 
Based on this existing evidence, cochlear implantation surgery is reasonably safe. 
 

Bone-Conduction Implants: Effectiveness for Single-Sided Deafness 

Six systematic reviews examined three types of bone-conduction implants for single-sided 
deafness, including active percutaneous implants (also known as bone-anchored hearing aids), 
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active transcutaneous implants, and passive transcutaneous implants.41-46 The results for each 
type of device are described separately below. The characteristics of the included systematic 
reviews are summarized in Appendix 4. 
 
Mandavia et al42 presented the body of evidence available to inform the current UK national policy 
on bone-conducting hearing devices. This systematic review included 39 studies that evaluated all 
types of bone-conduction implants for adults and children with single-sided deafness or conductive 
or mixed hearing loss. It tabulated the overall results of the included studies, instead of by 
individual outcomes. Therefore, we could not include this systematic review in the tables below, 
which summarize results by devices and outcomes. The review showed consistent benefits of 
bone-conducting devices in improving objective and subjective hearing outcomes across studies, 
given the appropriate indications. Using the GRADE system, the evidence was classified as very 
low quality. The authors downgraded the quality of evidence from low (observational studies) to 
very low because of significant limitations: the quality of methodology, consistency of results 
across studies, limited generalizability, and limited effect size. This systematic review included 
studies of all designs (e.g., case series, systematic reviews), took an overview approach to 
summarizing the results and did not grade the quality of evidence by outcomes, which made it 
difficult to delineate the certainty of the body of evidence and the magnitude of effects.  
 
Kitterick et al41 reviewed hearing instruments for single-sided deafness in adults. The review did 
not specify the type of implants and reported outcomes of bone-conduction implants as a whole; 
consequently, these results also could not be included in the tables below. Four studies reported 
that bone-conduction implants significantly improved speech perception in noise, when noise was 
presented from the hearing ear. Nine studies showed significant benefits of hearing from bone-
conduction implants measured by the Abbreviated Profile for Hearing Aid Benefit. Five studies 
showed no significant difference in sound localization when comparing bone-conduction implants 
with no treatment. Two studies reported complication rates of 38% and 13%, all related to skin 
reactions around abutment sites of bone-anchored hearing aids, and all resolved with medical 
treatment.  
 

Active Percutaneous Bone-Conduction Implants: Effectiveness for Single-Sided 
Deafness  

Two models of bone-anchored hearing aids (Cochlear Baha Connect and Oticon Ponto) are 
currently available in Canada. Two systematic reviews reported on these implants for single-sided 
deafness.45,46 One review was on adults and children45 while the other was on adults only.46  
Table 4 summarizes the results. 
 

Speech Audiometry 

Two systematic reviews reported speech perception in noise.45,46 Studies measured speech 
perception in noise in various configurations of spatially separated speakers, with sound and noise 
coming from the side of the better ear, the deafened ear, or from the front. Outcomes were 
reported as either the signal-to-noise ratio (in dB) at which 50% of speech was understood 
correctly, or the total percentage of correctly repeated words. One review of 12 studies in adults 
and children45 showed significant improvement in speech perception in noise, while another review 
of three studies in adults46 showed improvement or no differences, depending on where the noise 
originated.  
 
The quality of the evidence for speech audiometry was moderate (Appendix 2, Table A3). 
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Sound Localization 

Two systematic reviews reported on sound localization in adults and children.45,46 Although the 
included studies used different test set-ups, they all used localization error (in degree) as the 
outcome measure. Both reviews concluded no significant improvement in sound localization after 
implantation of bone-anchored hearing aids. These results were expected because bone-
conduction implants do not restore binaural hearing which is necessary to locate the direction of 
sound.  
 
The quality of the evidence for sound localization was moderate (Appendix 2, Table A3). 
 

Hearing-Specific Quality of Life 

Two systematic reviews reported subjective benefits of hearing and patient satisfaction as 
measures of hearing-specific quality of life in adults and children.45,46 Various questionnaires were 
used to measure these outcomes, most frequently the Speech, Spatial and Qualities of Hearing 
Scale and the Abbreviated Profile of Hearing Aid Benefit. All included studies showed 
improvement in subjective benefits of hearing and patient satisfaction with bone-anchored hearing 
aids. 
 
The quality of the evidence for hearing-specific quality of life was moderate (Appendix 2,  
Table A3). 
 
Table 4: Summary of Results on Active Percutaneous Bone-Conduction Implants vs. No Treatment  

for Single-Sided Deafness in Adults and Children 

Author, Year No. of Studies Results Quality Assessment  

Speech audiometry 

Kim et al, 201745 12 Significant improvement for speech perception in 
noise in S0N0 configuration (SNR −2.0 vs. 0.6)a 

NR 

Peters et al, 
201546 

3 Improvement (SpeN0: dB SNR −0.3 vs. 2.2)a or no 
differences (S0Npe: dB SNR −5.5 vs. −7.1)a in 
speech perception in noise depending on testing 
configurationsb 

Directness of evidence: 
moderate–high 

Risk of bias: low–moderate 

Sound localization 

Kim et al, 201745 6 No significant difference in sound localization  
(% correct identification: 15–69 vs. 13–66) 

NR 

Peters et al, 
201546 

4 No significant difference in sound localization  
(% correct identification: 17–59 vs. 18–61)  

Directness of evidence: 
moderate–high 

Risk of bias: low–moderate 

Hearing-specific quality of life 

Kim et al, 201745 12 Significant improvement in subjective benefits and 
satisfaction measured by APHAB (EC: 12%–53% 
vs. 24%–59%; BN: 18%–48% vs. 33%–79%; RV: 
26%–55% vs. 41%–65%) 

NR 

Peters et al, 
201546 

4 Improved subjective benefits of hearing measured 
by APHABb (numeric data for unaided condition not 
shown) 

Directness of evidence: 
moderate–high 

Risk of bias: low–moderate 

Abbreviations: APHAB, Abbreviated Profile of Hearing Aid Benefit; BN, background noise; EC, ease of conversation, NR not reported; RV, listening in 
reverberant condition; SNR, signal-to-noise ratio. 
aThe lower the SNR, the better the hearing.  
bSome results were statistically significant while others were not significant or not reported.  
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Active Transcutaneous Bone-Conduction Implants: Effectiveness for Single-Sided 
Deafness 

One systematic review reported clinical outcomes of the Bonebridge device for single-sided 
deafness in adults and children43 (Table 5). Bonebridge improved speech perception in noise and 
demonstrated subjective benefits of hearing and patient satisfaction when compared with no 
treatment.  
 
The quality of the evidence was moderate for speech audiometry and hearing-specific quality of 
life (Appendix 2, Table A3). 
 
Table 5: Summary of Results on Active Transcutaneous Bone-Conduction Implants vs. No Treatment 

for Single-Sided Deafness in Adults and Children 

Author, Year No. of Studies Results Quality Assessment  

Speech audiometry 

Sprinzl and 
Wolf-Magele, 
201643 

2 Significant improvement in SNR by 1.3–2.5 dBa 
depending on where the noise originated 

Low quality 

Hearing-specific quality of life 

Sprinzl and 
Wolf-Magele, 
201643 

1 Significantly improved subjective benefits of hearing 
measured by APHAB (EC: 7% vs. 20%; BN: 46% vs. 
69%; RV: 27% vs. 43%) 

Low quality 

 2 Improved patient satisfaction measured by HDSS 
and GBIb (numeric data not shown) 

 

Abbreviations: APHAB, Abbreviated Profile of Hearing Aid Benefit; BN, background noise; EC, ease of conversation; GBI, Glasgow Benefit Inventory; 
HDSS, Hearing Device Satisfaction Scale; SNR, single-to-noise ratio; RV, listening in reverberant condition. 
aAn improvement of 2–3 dB in SNR in adaptive hearing test is considered clinically important.  
bStatistical significance not reported. 

 
 

Passive Transcutaneous Bone-Conduction Implants: Effectiveness for Single-Sided 
Deafness 

Two passive transcutaneous bone-conduction implants (Cochlear Baha Attract and Medtronic 
Alpha 2 MPO ePlus (formerly known as Medtronic Sophono Alpha) are currently available in 
Canada. One systematic review reported clinical outcomes of these devices for children with 
single-sided deafness44 (Table 6). Passive transcutaneous implants improved objective 
audiological measures including speech recognition threshold, pure tone average, and word 
recognition scores. In addition, functional auditory outcomes measured using the Children’s Home 
Inventory for Listening Difficulties were improved.  
 
The quality of the evidence was moderate for audiometry and hearing-specific quality of life, and 
low for speech audiometry (Appendix 2, Table A3). 
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Table 6: Summary of Results on Passive Transcutaneous Bone-Conduction Implants vs.  
No Treatment for Single-Sided Deafness in Children 

Author, Year No. of Studies Results Quality Assessment  

Audiometry 

Appachi et al, 
201744 

3 Significant improvement in pure tone average 
(average 36–41 dB) and speech reception threshold 
(average 38–56 dB)a 

Moderate risk of bias 

Speech audiometry 

Appachi et al, 
201744 

3 Improvement in word recognition scores (HINT-C 
mean scores 81% vs. 38% at SNR 0 dB and 100% 
vs. 71% at SNR 10 dB; correctly repeated 
phonemes 74% vs. 51%)b 

Moderate risk of bias 

Hearing-specific quality of life 

Appachi et al, 
201744 

3 Significant benefits in functional auditory measures 
(APHAB: EC 27%, RV 47%, BN 53%; CHILD-child 
scores 7.3 vs. 3.4; CHILD-parent scores 7.0 vs. 3.4) 

Moderate risk of bias 

Abbreviation: APHAB, Abbreviated Profile of Hearing Aid Benefit; BN, background noise; CHILD, Children’s Home Inventory for Listening Difficulties;  
EC, ease of conversation; HINT-C, Hearing in Noise Test for Children; RV, listening in reverberant condition; SNR, signal-to-noise ratio. 
aAn improvement of 10–15 dB in hearing thresholds is considered clinically important.  
bSome results were statistically significant while others were not significant or not reported. 

 
 

Bone-Conduction Implants: Effectiveness for Conductive or Mixed 
Hearing Loss 

Eleven systematic reviews reported on four types of bone-conduction implants for conductive or 
mixed hearing loss, including active percutaneous implants (bone-anchored hearing aids), active 
transcutaneous implants, passive transcutaneous implants, and active transcutaneous middle ear 
implants.34,43,47-55 The results for each type of device are described separately below. The 
characteristics of the included systematic reviews are summarized in Appendix 4. 
 
The results of the systematic review by Mandavia et al,42 which included all types of bone-
conduction implants in adults and children with single-sided deafness and/or conductive or mixed 
hearing loss, have been summarized in the earlier section on effectiveness for single-sided 
deafness.  
 

Active Percutaneous Bone-Conduction Implants: Effectiveness for Conductive or 
Mixed Hearing Loss 

Four systematic reviews reported on active percutaneous implantable devices for conductive or 
mixed hearing loss.49,50,52,54 Table 7 summarizes the results.  
 

Audiometry 

Three systematic reviews reported hearing thresholds in adults and children as the outcome 
measure of audiometry.49,50,54 All included studies measured aided and unaided sound-field warble 
tone or pure tone thresholds at different frequencies. All studies consistently showed that bone-
anchored hearing aids improved hearing thresholds when compared with no treatment. 
 
The quality of the evidence for audiometry was moderate (Appendix 2, Table A4). 
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Speech Audiometry 

Two systematic reviews reported on speech audiometry in adults and children.49,50 Some studies 
showed improvement while others showed no differences in speech audiometric outcomes when 
comparing bone-anchored hearing aids to no treatment. Varied test measures and set-ups, as well 
as different etiology and comparators, may account for the discrepancy in results.  
 
The quality of the evidence for speech audiometry was low (Appendix 2, Table A4). 
 

Hearing-Specific Quality of Life 

Three systematic reviews reported on hearing-specific quality of life in adults and children.50,52,54 
Patients reported better hearing-specific quality of life when comparing bone-anchored hearing 
aids with no treatment. Specifically, patients reported a significant reduction in disability after fitting 
with bone-anchored hearing aids.52,54 Generic quality of life questionnaires showed no 
improvement.  
 
The quality of the evidence for hearing-specific quality of life was moderate (Appendix 2,  
Table A4). 
 
Table 7: Summary of Results on Active Percutaneous Bone-Conduction Implants vs. No Treatment 

for Conductive or Mixed Hearing Loss in Adults and Children 

Author, Year No. of Studies Results Quality Assessment  

Audiometry 

Colquitt et al, 
201149 

4 Significant improvement in hearing thresholds 
(average sound-field threshold gains: 19–45 dBa) 

Weak methodological quality 

Danhauer et al, 
201050 

3 Significant improvement in hearing thresholds (aided 
thresholds in normal range) 

Low–moderate quality 
evidence 

Medical Advisory 
Secretariat, 
200254 

3 Significant improvement in hearing thresholds 
(sound-field threshold gains: 22–42 dBa) 

Low quality evidence 

Speech audiometry 

Colquitt et al, 
201149 

3 Improvement in speech perception in noise (SRT 1–
3 dB HL vs. 9 dB HL when noise was from the back, 
SRT 3–4 dB HL vs. 12 dB HL when noise was from 
the front)b,c 

Weak methodological quality 

Danhauer et al, 
201050 

3 Improvement or no difference in speech perception 
in noise (numeric data not shown) 

Low–moderate quality 
evidence 

Hearing-specific quality of life 

Danhauer et al, 
201050 

3 Significant improvement in quality of life (numeric 
data not shown) 

Low–moderate quality 
evidence 

Johnson et al, 
200652 

7 Significant improvement measured by hearing-
specific QOL questionnaire (GBI, HHDI), but not 
generic QOL questionnaire (MOS SF-36, EQ-5D) 
(numeric data not shown) 

Limited methodological quality 

Medical Advisory 
Secretariat, 
200254 

1 Significant improvement in quality of life measured 
by the GBI (31-point increase in total benefit,  
37-point increase in general benefit, 24-point 
increase in social benefit, 14-point increase in 
physical benefit) 

Low quality evidence 

Abbreviations: dB HL, decibel of hearing level; EQ-5D, EuroQoL-5D; GBI, Glasgow Benefits Inventory; HHDI, Hearing Handicap and Disability Inventory; 
MOS SF-36, Medical Outcomes Study General Survey Instrument, Short Form 36; QOL, quality of life; SRT, speech recognition threshold.  
aAn improvement of 10–15 dB in hearing thresholds is considered clinically important.  
bStatistical significance not reported. 
cThe lower the SRT, the better the hearing.   



Clinical Evidence  March 2020 

Ontario Health Technology Assessment Series; Vol. 20: No. 1, pp. 1–165, March 2020 34 

Active Transcutaneous Bone-Conduction Implants: Effectiveness for Conductive or 
Mixed Hearing Loss 

Bonebridge is the only active transcutaneous bone-conduction implant currently available in 
Canada. One systematic review reported the clinical outcomes of the Bonebridge device in 
conductive or mixed hearing loss in adults and children43 (Table 8).  
 

Audiometry 

One systematic review reported functional gains as a measure of audiometry, comparing 
Bonebridge to no treatment in adults and children.43 The included studies showed functional gains 
ranging from 24 to 37 dB. The magnitude of the functional gains was considered clinically 
important. 
 
The quality of the evidence for audiometry was moderate (Appendix 2, Table A4). 
 

Speech Audiometry 

One systematic review reported speech perception in quiet as a measure of speech audiometry in 
adults and children.43 Patients with the Bonebridge device showed significant improvement in 
speech perception in quiet when compared with those with no treatment.  
 
The quality of the evidence for speech audiometry was moderate (Appendix 2, Table A4). 
 

Hearing-Specific Quality of Life 

One systematic review reported subjective benefits of hearing and patient satisfaction as 
measures of hearing-specific quality of life in adults and children.43 Within the systematic review, 
one study measured subjective benefits of hearing using the Glasgow Benefit Inventory and 
reported an improvement in general health and physical health after Bonebridge implantation. 
Another study reported that patients were satisfied with the device as measured by the Hearing 
Device Satisfaction Scale. 
 
The quality of the evidence for hearing-specific quality of life was low (Appendix 2, Table A4). 
 
Table 8: Summary of Results on Active Transcutaneous Bone-Conduction Implants vs. No Treatment 

for Conductive or Mixed Hearing Loss in Adults and Children 

Author, Year No. of Studies Results Quality Assessment  

Audiometry 

Sprinzl and Wolf-
Magele, 201643 

7 Functional gains: 24–37 dBa  Low quality 

Speech audiometry 

Sprinzl and Wolf-
Magele, 201643 

5 

 

Significant improvement in speech perception in quiet 
(Freiburger disyllabic words 77%–93% vs. < 25%) 

Low quality 

Quality of life    

Sprinzl and Wolf-
Magele, 201643 

1 Improvement in subjective benefits of hearing (numeric 
data on unaided condition not shown)b,c 

Low quality 

 1 Higher patient satisfaction (numeric data not shown)b,d  
aAn improvement of 10–15 dB in hearing thresholds is considered clinically important.  
bStatistical significance not reported. 
cMeaured by Glasgow Benefit Inventory. 
dMeaured by Hearing Device Satisfaction Scale.  
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Passive Transcutaneous Bone-Conduction Implants: Effectiveness for Conductive 
or Mixed Hearing Loss 

One systematic review reported on the Sophono device, a passive transcutaneous bone-
conduction implant, for conductive or mixed hearing loss in adults and children48 (Table 9).  
 

Audiometry 

One systematic review reported functional gains in hearing thresholds as a measure of audiometry 
in adults and children.48 The included studies showed clinically important average functional gains 
when comparing Sophono devices with no treatment. 
 
The quality of the evidence for audiometry was moderate (Appendix 2, Table A4). 
 

Table 9: Summary of Results on Passive Transcutaneous Bone-Conduction Implants vs. No 
Treatment for Conductive or Mixed Hearing Loss in Adults and Children 

Author, Year No. of Studies Results Quality Assessment  

Audiometry 

Bezdjian et al, 
201748 

8 Average functional gains: 31 dBa Risk of bias: low–moderate 

Directness of evidence: high 

aAn improvement of 10–15 dB in hearing thresholds is considered clinically important.  

 
 

Active Transcutaneous Middle Ear Implants: Effectiveness for Conductive or Mixed 
Hearing Loss 

Five systematic reviews reported on middle ear implants, including Vibrant Soundbridge and 
Carina, for conductive or mixed hearing loss in adults and children34,47,51,53,55 (Table 10).  
 

Audiometry 

Five systematic reviews reported functional gains in hearing thresholds as a measure of 
audiometry in adults and children.34,47,51,53,55 Middle ear implants improved functional gains in 
hearing thresholds when compared with no treatment. The magnitude of functional gains was 
considered clinically important. The Australian health technology assessment also reported 
clinically important functional gains with middle ear implants across different degrees of mixed or 
conductive hearing loss.34  
 
The quality of the evidence for audiometry was moderate (Appendix 2, Table A4). 
 

Speech Audiometry 

Five systematic reviews reported speech audiometry using various testing set-up and outcome 
measures in adults and children.34,47,51,53,55 Overall, middle ear implants showed clinically important 
improvement in speech reception thresholds and word recognition when compared with no 
treatment. An improvement in speech reception threshold of 10 to 15 dB or 10% to 15% is 
considered clinically important. The Australian health technology assessment also showed that 
middle ear implants improved speech perception in patients with different degrees of mixed or 
conductive hearing loss.34  
 
The quality of the evidence for speech audiometry was moderate (Appendix 2, Table A4). 
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Hearing-Specific Quality of Life 

Five systematic reviews reported patient satisfaction, subjective benefits of hearing, and hearing-
specific quality of life in adults and children.34,47,51,53,55 Patient satisfaction was measured by the 
Hearing Device Satisfaction Scale. Subjective benefits of hearing were measured by the 
Abbreviated Profile of Hearing Aids Benefits. Hearing-specific quality of life was measured by the 
Glasgow Benefit Inventory. The included reviews consistently reported that middle ear implants 
improved subjective benefits of hearing and hearing-specific quality of life. 
 
The quality of the evidence for hearing-specific quality of life was moderate (Appendix 2,  
Table A4). 
 

Table 10: Summary of Results of Systematic Reviews on Active Transcutaneous Middle Ear Implants 
vs. No Treatment for Conductive or Mixed Hearing Loss in Adults and Children 

Author, Year No. of Studies Results Quality Assessment  

Audiometry 

University of 
Alberta, 201147 

32 Vibrant Soundbridge vs. no treatment 
Average functional gains: 27 dBa 

Low quality 

10 Carina vs. no treatment 
Average functional gains: 21 dBa 

Australia Medical 
Services Advisory 
Committee, 201034 

4 Middle ear implant vs. no treatment in mild–moderate 
mixed hearing loss 
Functional gains ranged 26–32 dBa  

Low quality  

2 Middle ear implant vs. no treatment in severe mixed 
hearing loss 
Functional gains ranged 35–49 dBa 

2 Middle ear implant vs. no treatment in conductive 
hearing loss 
Functional gains ranged 36–46 dBa  

Ernst et al, 201651 6 Vibrant Soundbridge vs. no treatment 
Average functional gains: 30 dBa 

Low quality (nonrandomized 
intervention studies and 
observational studies) to high 
quality (systematic reviews) 

Klein et al, 201253 10 Carina vs. no treatment 
Average functional gains: 21 dBa 

Limited methodological quality 

Verhaert et al, 
201355 

14 Vibrant Soundbridge vs. no treatment 
Average functional gains: 11–58 dBa  

Low–moderate quality 

Speech audiometry 

University of 
Alberta, 201147 

 

12 
Vibrant Soundbridge vs. no treatment 
Range of speech reception thresholds in quiet:  
40–61 dB vs. 58–94 dB (P < .05)  

Low quality 

16 Range of speech recognition: 55%–95% vs. 0%–72% 
(P < .05) 

 

4 
Carina vs. no treatment 
Average speech reception threshold gain: 20 dB 

4 Range of speech recognition: 69%–94% vs. 33%–
40% (P < .05) 

Australia Medical 
Services Advisory 
Committee, 201034 

 
 

2 

 

Middle ear implant vs. no treatment in mild–moderate 
mixed hearing loss 
Improvement in speech perception at conversational 
levela (numeric data not shown) 

Low quality  

1 Improvement in speech reception thresholdc (numeric 
data not shown) 
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Author, Year No. of Studies Results Quality Assessment  

Australia Medical 
Services Advisory 
Committee, 201034 
(continued) 

 

 

1 

Middle ear implant vs. no treatment in severe mixed 
hearing loss 
Improvement in speech perception at conversational 
level by 48%a 

Low quality 

2 Significant improvement in speech reception 
threshold in quiet (numeric data not shown) 

 
2 

Middle ear implant vs. no treatment in conductive 
hearing loss 
Speech perception in quiet improved by 70%–76% 

1 Speech reception threshold improved by 32 dB 

Ernst et al, 201651 2 Vibrant Soundbridge vs. no treatment 
Significant improvement in speech perception in noise 
(SNR 3 dB SPL vs. 12 dB SPLb)  

Low quality (nonrandomized 
intervention studies and 
observational studies) to high 
quality (systematic reviews) 

Klein et al, 201253 10 Carina vs. no treatment 
Speech reception threshold gain: 20 dB 

Limited methodological quality 

10 Word recognition: 69%–94% vs. 33%–40% 

Verhaert et al, 
201355 

 

13 
Vibrant Soundbridge vs. no treatment 
Significant improvement in speech perception in quiet 
(numeric data not shown)  

Low–moderate quality 

4 Significant improvement in speech perception in noise 
(numeric data not shown) 

Hearing-specific quality of life 

University of 
Alberta, 201147 

 

5 
Vibrant Soundbridge vs. no treatment 
Significant benefits reported in GBI and APHAB 
(numeric data not shown) 

Low quality 

 

3 
Carina vs. no treatment 
Hearing benefits reported in APHAB (numeric data 
not shown)c 

Australia Medical 
Services Advisory 
Committee, 201034 

 

1 
Middle ear implants vs. no treatment in mild or 
moderate mixed hearing loss 
Significant benefits reported in APHAB (numeric data 
not shown) 

Low quality 

Ernst et al, 201651 
 

4 
Soundbridge vs. no treatment 
Significant benefit of hearing reported in APHAB 
device satisfaction reported in HDSS and 
improvement in general health status reported in GBI 
(numeric data not shown) 

Low quality (nonrandomized 
intervention studies and 
observational studies) to high 
quality (systematic reviews) 

Klein et al, 201253 
 

3 
Carina vs. no treatment 
Significant hearing benefits reported in APHAB 
(numeric data not shown) 

Limited methodological quality 

Verhaert et al, 
201355 

 

4 
Vibrant Soundbridge vs. no treatment 
Significant subjective benefits of hearing reported in 
APHAB (numeric data not shown)  

Low–moderate quality 

4 Improvement in quality of life reported in GBI 
(numeric data not shown)c 

Abbreviations: APHAB, Abbreviated Profile of Hearing Aid Benefit; GBI, Glasgow Benefit Inventory; HDSS, Hearing Device Satisfaction Scale; SNR, signal-
to-noise ratio; SPL, sound pressure level. 
aAn improvement of 10–15 dB in hearing thresholds is considered clinically important.  
bThe lower the SPL, the better the hearing.  
cStatistical significance not reported. 
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Bone-Conduction Implants: Safety 

Active Percutaneous Bone-Conduction Implants 

Two systematic reviews reported adverse events associated with active percutaneous bone-
conduction implants.45,54 Kim et al45 reported a complication rate of 5% to 17% from two studies. All 
adverse events were minor complications related to skin reactions around the abutment sites, and 
all resolved with medical treatment.  
 
An evidence-based analysis conducted by the Medical Advisory Secretariat of the Ontario Ministry 
of Health and Long-Term Care showed an overall success rate of 88% to 99% in maintaining a 
functional bone-anchored hearing aid, from six studies. The majority of adverse events that led to 
the removal of implants were related to failed osseointegration, trauma, or infections. The rate of 
skin reactions around the abutment sites was 8% to 32%.54  
 
Our literature search also identified a publication that reviewed the complications associated with 
osseointegrated hearing aids. This review included 20 studies involving 2,134 patients who 
underwent a total of 2,310 osseoimplants. Skin reactions of grades 2 to 4 (moderate to profound 
signs of infection) in the Holgers classification of skin complication ranged from 2.4% to 38.1%. 
Failure of osseointegration ranged from 0% to 18% in adult and mixed populations, and 0% to 
14.3% in pediatric populations. The rate of revision surgery was 1.7% to 34.5% in adult and mixed 
populations, and 0% to 44.4% in pediatric populations.56  
 

Active Transcutaneous Bone-Conduction Implants 

One systematic review reported adverse events from 12 studies of patients using a Bonebridge 
device.43 Nine of the 12 studies reported no adverse events after Bonebridge implantation. The 
remaining three studies reported a rate of minor adverse events of 5.1% and a rate of revision 
surgery of 0.85%. Minor adverse events included wound pain, dizziness, tinnitus, and headache, 
all of which resolved on their own or were treated without surgical intervention.  
 

Passive Transcutaneous Bone-Conduction Implants 

One systematic review reported adverse events associated with passive transcutaneous bone-
conduction implants.48 The eight included studies did not report any intra-operative adverse 
events. However, 29% of patients experienced postoperative adverse events, with 3.5% of these 
events considered as serious. Adverse events were deemed serious if surgical intervention was 
required or if healing took longer than one month. Postoperative adverse events included 
moderate to severe pain, pressure necrosis or discomfort, skin erythema, and wound infection that 
resolved with antibiotics.  
 

Active Transcutaneous Middle Ear Implants 

Four systematic reviews reported adverse events associated with middle ear implants.34,47,51,53 In 
the health technology assessment conducted for Alberta Health and Wellness, the overall device 
failure rate was 4.8% for Vibrant Soundbridge (n = 22) and 17.6% for Carina (n = 8).47 Ernest et 
al51 reported an overall device failure rate of 2% for Vibrant Soundbridge (n = 13), whereas Klein et 
al53 reported an overall device failure rate of 18% for Carina (n = 11). As noted (Background, 
Regulatory Information), Carina is only being used in research protocols and is not available for 
clinical use in Canada.  
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The health technology assessment conducted by the Australian Medical Services Advisory 
Committee reported adverse events of middle ear implants from 50 studies. The rate was less than 
4% for each of the following clinical adverse events: infection, pain, hematoma, tinnitus, vertigo, 
and aural fullness. The rate was less than 2% for each of the following technical adverse events: 
facial nerve damage, device extrusion, device migration, device failure, electromagnetic 
interference, and insufficient gain.34  
 
Based on the best available data, which show a lack of major complications associated with the 
bone-conduction implants currently in clinical use in Canada, surgery for bone-conduction implants 
is reasonably safe.  
 

Discussion 

In this overview of systematic reviews on implantable devices for adults and children with single-
sided deafness and conductive or mixed hearing loss, we based our evidence synthesis on data 
reported in the published reviews. While there were differences in patient characteristics, testing 
conditions, and outcome measurements, most studies within the systematic reviews showed 
similar results.  
 
Cochlear implants, but not bone-conduction implants, improve sound localization by restoring 
binaural hearing in patients with single-sided deafness. Bone-conduction implants do provide 
clinically important functional gains in hearing thresholds for patients with conductive or mixed 
hearing loss. The consistency, large magnitude of effects (hearing thresholds), and lack of bias 
(sound localization) of these biologically plausible results in the literature, despite heterogeneity in 
study design and conduct, increased our certainty about the body of evidence and allowed us to 
believe that, overall, the study results represent some true effects.  
 
For children, these benefits in hearing are crucial in optimizing the development of their auditory 
systems and for speech and language acquisition. In addition, for both children and adults, 
improved hearing supports better communication and learning, with potential downstream impacts 
on their educational and employment opportunities. The surgery to implant cochlear and bone-
conduction devices is reasonably safe. The selection of the most appropriate device for each 
patient would be a clinical decision based on the etiology of their hearing loss, perceived gains and 
risks, and patient preferences and expectations.  
 
In summary, we have a moderate level of certainty that cochlear implants and bone-conduction 
implants, if clinically indicated, improve functional hearing in adults and children with single-sided 
deafness, conductive hearing loss, or mixed hearing loss. The benefits of being able to hear better 
with these implants are substantial for patient-important outcomes, such as decreasing disability 
and improving quality of life.  
 

Limitations 

• In the before-and-after studies included in the systematic reviews, heterogeneity existed in 
patient characteristics (e.g., etiology, duration of deafness), test conditions, follow-up 
durations, and outcome measurements  

• Most of the included systematic reviews combined adult and pediatric populations 

• Statistical significance was not consistently examined or reported 

• No comparative data were available to allow comparisons between types of bone-
conduction implants 
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• Adverse events included different generations of implants; improvements in surgical 
techniques and device designs could decrease complication rates, which may not be fully 
captured in our review 

 

Ongoing Reviews 

We identified four ongoing systematic reviews that have potential relevance to implantable devices 
for single-sided deafness and conductive or mixed hearing loss, through a search of the 
PROSPERO register of systematic reviews (Appendix 5). 
 

Conclusions 

Cochlear Implants for Single-Sided Deafness 

Based on the best evidence available, when compared with no treatment in adults and children 
with single-sided deafness, cochlear implants:  

 

• Likely improve speech perception in noise (GRADE: Moderate) 

• Likely result in a large improvement in sound localization (GRADE: Moderate) 

• Likely improve hearing-specific quality of life (GRADE: Moderate) 

• Likely improve tinnitus (GRADE: Moderate) 

• Likely improve speech and language development in children (GRADE: Moderate) 

 
Based on the best evidence available, cochlear implantation is reasonably safe.  
 

Bone-Conduction Implants for Single-Sided Deafness 

Based on the best evidence available, when compared with no treatment in adults and children 
with single-sided deafness who are contraindicated for cochlear implantation, bone-conduction 
implants:  

 

• Likely result in a large improvement in hearing thresholds (GRADE: Moderate) 

• Likely improve speech perception in noise (GRADE: Moderate) 

• Likely improve hearing-specific quality of life (GRADE: Moderate) 

• Likely do not improve sound localization (GRADE: Moderate) 

 

Bone-Conduction Implants for Conductive or Mixed Hearing Loss 

Based on the best evidence available, when compared with no treatment in adults and children 
with conductive or mixed hearing loss, bone-conduction implants:  

 

• Likely result in a large improvement in hearing thresholds (GRADE: Moderate) 

• Likely improve speech perception in noise (GRADE: Moderate) 

• Likely improve hearing-specific quality of life (GRADE: Moderate) 

 
Based on the best evidence available, surgery to implant bone-conduction devices is reasonably 
safe. 
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ECONOMIC EVIDENCE 

For the economic evidence review, we considered the following three types of hearing loss, 
described in the Background section of this report: 

• Single-sided deafness (severe or profound unilateral sensorineural hearing loss)  

• Conductive hearing loss 

• Mixed hearing loss 

 

Research Questions 

Based on the published literature: 

1. What is the cost-effectiveness of cochlear implants compared with no intervention in 
adults and children with single-sided deafness?  

2. What is the cost-effectiveness of bone-conduction implants compared with no 
intervention in adults and children with single-sided deafness?  

3. What is the cost-effectiveness of bone-conduction implants compared with no 
intervention in adults and children with conductive or mixed hearing loss (single-sided or 
bilateral)?  

 

Methods 

Economic Literature Search 

We performed an economic literature search on January 8, 2018, to retrieve studies published 
from database inception until the search date. To retrieve relevant studies, we developed a 
search using the clinical search strategy with an economic filter applied.  
 
We created database auto-alerts in MEDLINE and Embase and monitored them for the duration 
of the health technology assessment review. We performed targeted grey literature searching of 
health technology assessment agency websites, the PROSPERO register of systematic 
reviews, and the Tufts Cost-Effectiveness Analysis Registry. See Clinical Literature Search, 
above, for further details on methods used and Appendix 1 for the literature search strategies, 
including all search terms. 
 

Literature Screening 

A single reviewer reviewed titles and abstracts, and, for those studies likely to meet the eligibility 
criteria, we obtained full-text articles and performed further assessment for eligibility.  
 

Inclusion Criteria 

• English-language full-text publications 

• Studies published between database inception and January 8, 2018 

• Studies in patients with single-sided deafness, conductive hearing loss (single-sided or 
bilateral), or mixed hearing loss (single-sided or bilateral) 

• Studies comparing cochlear implants or bone-conduction devices to no intervention 

• Cost–utility, cost-effectiveness, or cost–benefit analyses   
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Exclusion Criteria  

• Cost analyses, cost–consequence analyses, cost-minimization analyses 

• Abstracts, letters, and editorials 

• Unpublished studies 

• Bilateral sensorineural hearing loss 

 

Outcomes of Interest 

• Incremental costs 

• Incremental effectiveness outcomes 

• Incremental quality-adjusted life-years (QALYs) 

• Incremental cost-effectiveness ratios (ICERs) 

• Incremental net benefit 

 

Data Extraction 

We extracted relevant data on the following from the payer perspective:  

• Source (i.e., name, location, year) 

• Population and comparator 

• Interventions 

• Outcomes (i.e., health outcomes, costs, ICERs) 

 
We stratified results by population and age where possible. Adults were defined as 18 years of 
age or older. Children were defined as under 18 years old for cochlear implants, and between  
5 and 18 years of age for bone-conduction implants, as per Health Canada indications. We 
contacted authors of the studies to provide clarification as needed. We present original cost 
figures, without converting to the same currency or inflating to the same year. 
 

Study Applicability and Methodological Quality 

We determined the usefulness of each identified study for decision-making by applying a 
modified quality appraisal checklist for economic evaluations that was originally developed by 
the National Institute for Health and Care Excellence (NICE) in the United Kingdom to inform 
development of NICE’s clinical guidelines.61 We modified the wording of the questions to 
remove references to guidelines and to make it Ontario-specific. Next, we separated the 
checklist into two sections. In the first section, we assessed the applicability of each study to the 
research question (directly, partially, or not applicable). A summary is presented in Appendix 6. 
In the second section, we assessed the limitations (minor, potentially serious, or very serious) of 
the studies that we found to be directly or partially applicable. 
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Results  

Literature Search  

The literature search yielded 118 citations, after removing duplicates. We excluded a total of 
103 articles based on information in the title and abstract. We then obtained the full texts of  
15 potentially relevant articles for further assessment. Figure 3 presents the flow diagram for the 
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA). One study 
met the inclusion criteria.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: PRISMA Flow Diagram—Economic Search Strategy 

Source: Adapted from Moher et al, 2009.37  

Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses. 
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Review of Included Economic Studies 

Question 1: Cochlear Implants for Single-Sided Deafness  

No economic evaluations were identified.  
 

Question 2: Bone-Conduction Implants for Single-Sided Deafness 

No economic evaluations of bone-conduction implants exclusively in a population with single-
sided deafness were identified. One included study (discussed under question 3) examined a 
heterogeneous population of patients with single-sided, conductive, and mixed hearing loss.62 
 

Question 3: Bone-Conduction Implants for Conductive or Mixed Hearing Loss 

We identified one study for a heterogeneous population of patients with conductive or mixed 
hearing loss (55%), single-sided deafness (44%) and bilateral sensorineural hearing loss, a 
population not relevant to our health technology assessment (1%).62 This study evaluated bone-
anchored hearing aids, also known as active percutaneous devices; these implants penetrate 
the skin permanently and directly stimulate the bone to transmit sound waves to the cochlea in 
the inner ear. The comparator in this study was no hearing implant and included some people 
who use no intervention and some people who use conventional hearing aids. Despite a mixed 
comparator group, we included the study in our review. Economic evaluations were not 
identified for other types of bone-conduction implants.  
 
Table 11 summarizes the results of the included study.49,62 It reported incremental cost-
effectiveness ratio (ICER) results in terms of cost per quality-adjust life-year (QALY). The study 
was a piggyback evaluation, based on an observational study (an uncontrolled before-and-after 
study) in the United Kingdom.62 
 
The study reported that bone-anchored hearing aids were likely cost-effective compared to no 
hearing implants (i.e., patients with one, two, or no conventional hearing aids).62 The authors 
reported that results were robust, although they conducted very few sensitivity analyses. 
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Table 11: Results of Economic Literature Review—Summary 

Name, Year, 

Location 

Analytic Technique, 

Study Design, 

Perspective, Time 

Horizon Population(s) 

Interventions, 

Comparators 

Results 

Health Outcomes Costs Cost-Effectiveness 

Monksfield et al, 

2011,62 Birmingham, 

United Kingdom 

CUA 

Piggyback evaluation 
from uncontrolled 
before-and-after 
study 

UK health care payer 
perspective 

Lifetime time horizon 

Patients offered a 
primary bone-
anchored hearing 
aid; likely unilateral 
implant, although not 
reported explicitly  

Tertiary referral, 
university hospital 

Mean age = 55 
years; Range = NR 

Male = 39% 

Indications (type of 

hearing loss): 

conductive = 52%; 

single-sided 

sensorineural = 

44%; mixed = 3%; 

bilateral 

sensorineural = 1% 

Implant (n = 70): 
Patients implanted 
with a primary 
bone-anchored 
hearing aid 

Costs and 
outcomes were 
derived from 
patients after 
receiving an 
implant 

vs. 

No implant (n = 
70): 
For the 
counterfactual, 
patients were 
assumed to have 
not received an 
implant  

Hearing aid use 
was assumed to 
have remained at 
the same level for 
the rest of their life 
expectancy (56% 
used 1 or 2 
standard hearing 
aids, remaining 
were unaided) 

Costs and 

outcomes were 

derived from 

patients prior to 

implant 

Implant: 
Utility = 0.66  
(95% CI 0.60–0.72) 

No implant: 
Utility = 0.57  
(95% CI 0.51–0.62) for 
all patients who 
completed 
questionnaires before 
implant 

Utility = 0.59  
(95% CI 0.53–0.65) for 
patients who completed 
questionnaires before 
and after implant 

Mean difference: 
1.89 QALYs  
(95% CI 0.71–3.23) 

HUI3 and HUI2 
questionnaires 
completed at baseline 
(when implant was 
offered) and 6 months 
after device fitting 

QALY = age- and sex-
specific life expectancy  
1 year after implantation 
× difference in utility 
scores before and after 

Bootstrapped mean 
QALY gains 

Discounting 3.5% 

Implant: 
£21,430  
(95% CI 20,263–22,535) 

No implant: 
£827  
(95% CI 644–1,022) 

Mean difference: 
£20,604  
(95% CI 19,462–21,769) 

Included costs: 
assessment, device, 
surgery, postoperative 
care, replacement, 
annual maintenance 

Bootstrapped mean 
costs  

GBP (2008) 

Discounting 3.5% 

Authors concluded 
bone-anchored hearing 
aids can be cost-
effective 
 
Base case analysis: 
ICER = £17,610 per 
QALY using HUI3 

ICER = £21,688 per 
QALY using HUI2 

Probabilistic sensitivity 
analysis (WTP = 
£20,000 per QALY): 
Probability of being cost-
effective = 56% 

Sensitivity analyses 

were conducted by 

varying discount rates 

(no discounting, 

discounting costs only). 

Results did not change 

qualitatively 

Abbreviations: CI, confidence interval; CUA, cost–utility analysis; HUI2, Health Utilities Index Mark II questionnaire; HUI3, Health Utilities Index Mark III questionnaire; ICER, incremental cost-effectiveness ratio; 
NR, not reported; QALY, quality-adjusted life-year; WTP, willingness-to-pay. 
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Applicability and Methodological Quality of the Included Studies 

Appendix 6, Table A6, shows our assessment of applicability for the included study.62 The study 
took a UK health care payer perspective and evaluated bone-anchored hearing aids. One aim of 
the present health technology assessment is to evaluate bone-conduction implants as a device 
class, which includes active and passive transcutaneous implants, in addition to bone-anchored 
hearing aids (i.e., active percutaneous implants). Our economic evidence review also aims to 
stratify the population by type of hearing loss and by age. The study, however, included a mix of 
hearing loss types, mainly addressing research question 3 (conductive and mixed hearing loss, 
55%) and research question 2 (single-sided deafness, 44%).62 The mean age was 55 years, 
although it is unclear if children were recruited in the observational study. In addition, about 50% 
of the people wore hearing aids before they received an implant (i.e., the comparator group). 
Our research question intended to compare implants versus no intervention at all. For these 
reasons, the study was deemed partially applicable to the present health technology 
assessment.  
 
Appendix 6, Table A7, shows our assessment of methodological quality. The study design, an 
uncontrolled before-and-after study where patients volunteered to be enrolled, had limitations. 
This design assesses the same set of patients before an intervention and then after. It may be 
prone to self-selection bias (due to the recruitment strategy) and confounding (as it is unable to 
control for changes that might occur over time). In addition, improvements in health-related 
quality of life (HRQOL) were only measured 6 months after device fitting, but in the calculations 
of the economic evaluation, the benefits of the intervention were assumed to last a lifetime.62 To 
create a comparison group, the economic evaluation relied on counterfactual (“what if”) data: 
the authors used the “before” group as the comparator, supposing they did not later receive an 
implant when, in fact, they did. Instead, the study assumed that, for the rest of their lives, these 
patients had the same costs (e.g., for use of hearing aids) and HRQOL as in the “before” portion 
of the study.62 In addition, the piggyback study did not adequately examine parameter or 
structural uncertainty.62  
 
For these reasons, we deemed the study to have potentially serious limitations.  

 

Discussion 

The published literature on economic evaluations of hearing implants in people with single-sided 
deafness and conductive or mixed hearing loss was limited. We identified no studies on 
cochlear implants for single-sided deafness (research question 1). We identified one study62 on 
bone-conduction implants (research questions 2 and 3); however, of the entire class of these 
devices, only bone-anchored hearing aids were evaluated. We identified, but excluded, one 
additional study that compared bone-anchored hearing aids to non-implanted bone-conduction 
hearing aids in people with conductive or mixed hearing loss.49 Despite similar objectives of 
these studies (to assess the cost-effectiveness of bone-anchored hearing aids), the results from 
the excluded study, concluding that bone-anchored hearing aids were not cost-effective,49 were 
not consistent with the included study. This may be due to differences in comparator groups, 
study design, methodological assumptions, setting, patient populations (conductive and mixed 
hearing loss versus conductive, mixed, and unilateral and bilateral sensorineural hearing loss), 
cost parameters, and time horizons (10 years versus lifetime).  
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Strengths and Limitations 

The included economic analysis had strengths and limitations. The piggyback study measured 
costs and HRQOL data from patients in tertiary care who received a bone-conduction implant.62 
However, the uncontrolled before-and-after study design did not allow for comparisons of 
separate groups of patients with and without implantation. Rather, the same group of patients 
were their own controls and were compared before and after the intervention. Patients also had 
to volunteer to be in the study. This design is susceptible to self-selection bias, was conducted 
over a short follow-up period (the “after” assessment was 6 months after device fitting), and 
cannot control for temporal changes that would otherwise have occurred without the intervention 
(this could lead to confounding). 
 
Overall, the included study62 had methodological limitations and was not generalizable to the 
Ontario context. Hence, an analysis for the Ontario population is warranted.  

 

Conclusions 

We identified no economic evaluations of cochlear implants for people with single-sided 
deafness. We identified one economic evaluation of bone-conduction implants (specifically, 
bone-anchored hearing aids) for people with conductive hearing loss, mixed hearing loss, or 
single-sided deafness. The study was from the United Kingdom, was not directly applicable to 
Ontario, and had potentially serious methodological limitations.
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PRIMARY ECONOMIC EVALUATION 

The included study in the economic evidence review had methodological limitations and was not 
generalizable to the Ontario context. Therefore, we conducted a primary economic evaluation. 
 

Research Questions 

Within the context of the Ontario Ministry of Health, we asked the following questions: 
 

1. What is the cost-effectiveness of cochlear implants compared with no intervention in 
adults and children with single-sided deafness? 

2. What is the cost-effectiveness of bone-conduction implants compared with no 
intervention in adults and children with single-sided deafness?  

3. What is the cost-effectiveness of bone-conduction implants compared with no 
intervention in adults and children with conductive or mixed hearing loss? 

 
Note that questions 1 and 2 are for the same population. We do not compare cochlear implants 
with bone-conduction implants because, for this population, neither receives targeted funding 
from the Ministry of Health; therefore, neither is standard of care in Ontario. Further, as 
previously described (Background, Ontario Context), people with single-sided deafness would 
be offered bone-conduction implants only if cochlear implants are contraindicated.  
 

Methods 

The information presented in this report follows the reporting standards set out by the 
Consolidated Health Economic Evaluation Reporting Standards Statement.63 

Type of Analysis 

We conducted a cost–utility analysis using a state transition Markov cohort model for each 
research question. The reference case and sensitivity analyses were conducted 
probabilistically.  
 

Target Population 

We analyzed adults and children as separate subgroups. We included both sexes. Table 12 
summarizes the patient characteristic inputs in the three economic models, and descriptions 
follow.  
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Table 12: Patient Characteristics of Target Populations 

 Adults Children References 

Model 1: Cochlear implantation for single-sided deafness 

Sex 65% male 54% male Clinical experts and estimated from 
Fitzpatrick et al, 201764 

Canadian Health Measures Survey, 
2012/201365  

Statistics Canada, 2012–201566  

Intervention arm: 
age at 
implantation 

Mean = 40 years 

Range = 18 to 80 
years 

Mean = 18 months 

Range = 6 months to 
17 years 

Clinical experts and estimated from 
Canadian Agency for Drugs and 
Technologies in Health, 201167  

Fitzpatrick et al, 201068  

Model 2: Bone-conduction implants for single-sided deafness 

Sex 35% male 54% male Clinical experts and estimated from 
Fitzpatrick et al, 201764 

Canadian Health Measures Survey, 
2012/201365  

Statistics Canada, 2012–201566  

Intervention arm: 
age at 
implantation 

Mean = 40 years 

Range = 18 to 80 
years 

Mean = 10 years 

Range = 5 to 17 years 

Clinical review 

Model 3: Bone-conduction implants for conductive/mixed hearing loss 

Sex 50% male 50% male Clinical experts and estimated from 
clinical review, Davids et al, 200769 

Intervention arm: 
age at 
implantation 

Mean = 50 years 

Range = 18 to 75 
years 

Mean = 8 years 

Range = 5 to 17 years 

Clinical experts and estimated from 
clinical review, Davids et al, 200769 

Colquitt et al, 201149 

 
 
Our target populations are based on the candidacy criteria specified by the Ontario Cochlear 
Implant Program, as described previously in this report (Background, Ontario Context).  
 

Model 1: Cochlear Implants for Single-Sided Deafness  

In this model, patients have single-sided deafness (one deafened ear) and all other forms of 
amplification have been unsuccessful. Further, patients are candidates for a cochlear implant 
(i.e., based on the etiology of hearing loss) and have limited duration of deafness (i.e., less than 
4 years in children or 10 years in adults).  
 

Model 2: Bone-Conduction Implants for Single-Sided Deafness 

In this model, patients have single-sided deafness (one deafened ear), and all other forms of 
amplification have been unsuccessful. These patients are contraindicated for cochlear 
imlantation (e.g., cochlear nerve aplasia). Further, patients are eligble for bone-conduction 
implants (i.e., based on Health Canada indications, they are at least 5 years of age).  
 

Model 3: Bone-Conduction Implants for Conductive or Mixed Hearing Loss 

In this model, patients have conductive or mixed hearing loss in one or both ears, and all other 
forms of amplification have been unsuccessful. This population combines two types of hearing 
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loss because the majority of relevant clinical studies recruited and reported on patients with 
conductive hearing loss and mixed hearing loss together.43,48,62,70-73 Patients in this population 
are also eligble for bone-conduction implants (i.e., based on Health Canada indications, they 
are at least 5 years of age).  
 

Perspective 

For the reference case, we conducted our analysis from the perspective of the Ontario Ministry 
of Health. This perspective includes direct costs (i.e., device, outpatient care, inpatient care, 
physician billing). In sensitivity analyses, we used a public payer perspective. This broader 
perspective incorporated costs borne by other ministries (i.e., Community and Social Services; 
Child and Youth Services; and Education).  
 

Interventions  

Table 13 summarizes the interventions evaluated in the three economic models. We considered 
two main classes of devices: (1) cochlear implants, which take over the function of the damaged 
cochlea in the inner ear by converting sound into electrical signals to the hearing nerve; and  
(2) bone-conduction implants, which transmit sound by bone to the inner ear, effectively 
bypassing the outer and middle ear. The three types of bone-conduction implants are as 
follows:  
 

• Active transcutaneous, including MED-EL Bonebridge and middle ear implants (MED-EL 
Vibrant Soundbridge and Cochlear Carina) 

• Active percutaneous, including Oticon Ponto and Cochlear Baha Connect 

• Passive transcutaneous, including Medtronic Alpha 2 MPO e Plus and Cochlear Baha 
Attract 

 
All types of bone-conduction implant are suitable for conductive or mixed hearing loss. 
However, middle ear implants and passive transcutaneous implants are generally considered 
inadequate or inappropriate for single-sided deafness. For more information, see Figure 1 and 
Background, Health Technology Under Review. 
 
While our report examines bone-conduction implants as a class of devices, in our reference 
case analyses we base our model parameters on the most commonly used devices. In adults, 
we assume the most common device is an active transcutaneous bone-conduction implant 
(e.g., Bonebridge). In children, we assume the most common type of device is active 
percutaneous. In sensitivity analyses, we varied parameters based on other types of bone-
conduction implants. All hearing implants were compared with no intervention.   
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Table 13: Interventions and Comparators Evaluated in the Primary Economic Models 

Intervention Comparators Population Outcomes 

Cochlear implant (in one ear) Adults and children who are unaided (i.e., 
do not use standard air-conduction 
hearing aids) 

Single-sided 
deafness 

Cost, 
QALYs, 
ICER 

Bone-conduction implant, as a class, 
which includes: 
- Active transcutaneous devices (excluding 
middle ear implants) 
- Active percutaneous devices (in one ear)  

Adults and children who are unaided (i.e., 
do not use any standard air-conduction or 
non-implantable bone-conduction hearing 
aids) 

Single-sided 
deafness 

Cost, 
QALYs, 
ICER 

Bone-conduction implant, as a class, 
which includes: 
- Active transcutaneous devices 
- Active percutaneous devices  
- Passive transcutaneous devices 
- Active transcutaneous middle ear 
implants (in one ear) 

Adults and children who are unaided (i.e., 
do not use any standard air-conduction or 
non-implantable bone-conduction hearing 
aids) 

Conductive 
or mixed 
hearing loss 

Cost, 
QALYs, 
ICER 

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.  

 
 

Discounting, Cycle Length, and Time Horizon  

We applied an annual discount rate of 1.5% to both costs and quality-adjusted life-years 
(QALYs) and applied a half-cycle correction (a technique to balance the distribution of people 
who transition between health states at the beginning or end of each cycle). We varied discount 
rates in sensitivity analyses. For model 1 (cochlear implants), we used a 25-year time horizon in 
the reference case. For models 2 and 3 (bone-conduction implants), we used a 10-year time 
horizon in the reference case. These time horizons are in line with other modelling studies 
conducted for cochlear implants74 and bone-conduction implants.75,49 These time horizons 
provide sufficient time for differences between interventions to be realized and avoid 
extrapolating too far beyond available data. In scenario analyses, we used a lifetime time 
horizon. For all three models, we used a 6-month cycle length, meaning patients may transition 
to a different health state only once during any 6-month period. 
 

Model Structure 

We developed a Markov model for each research question, following patients from the time of 
implantation until the end of the time horizon. We used the same model structure for all three 
research questions (Figure 4). However, we varied the natural history parameters, utility 
parameters, and cost parameters to reflect the specific populations and interventions. The 
structure was adapted from a previous Health Quality Ontario economic evaluation on bilateral 
cochlear implantation.29 The health states are described below. 
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Figure 4: Model Structure—Implantable Devices for Single-Sided Deafness and Conductive or 

Mixed Hearing Loss 

Adapted from Health Quality Ontario, 2018.29 

 
 

Model Health States 

• Alive with implant—Everyone in the intervention group (cochlear implant or bone-
conduction implant) begins in this health state. They may have complications (minor or 
major), may have their device explanted (removed), may require a re-implantation, may 
elect not to use their device, may have their sound processor replaced, or may die from 
background mortality. Patients in this health state also have scheduled health care visits 
for audiologic management, surgical/wound management, and rehabilitation. The 
frequency of health care visits differs between adults and children, and between 
cochlear and bone-conduction implants  

• Alive without implant—This health state refers to: 

- Patients in the intervention group who elect to discontinue using their implant by 
turning off the sound processor (i.e., due to low self-reported benefit from the 
implant, learning disabilities, etc.)76,77  

- Patients in the intervention group who have had their implants removed due to a 
rare complication  

- Patients who never received an implant; everyone in the comparator group (i.e., 
unaided) begins in this health state 

- Patients may remain in this state or transition into the “dead” state  

• Dead—At any point during the model timeline, individuals have a probability of death 
due to age- and sex-specific background mortality (the general population’s risk of 
death) 
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Model 1: Cochlear Implantation for Single-Sided Deafness  

Figure 5 shows the patient pathway in Ontario for adults and children undergoing cochlear 
implantation. These health care visits are accounted for as events in the model where there may 
be associated costs and changes to quality of life. 
  
 

 
 
Figure 5: Patient Pathway for Adults and Children Receiving a Cochlear Implant  

Source: Expert opinion; Sunnybrook Cochlear Implant Program, 201878; Chen et al, 2014.74 
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Model 2 and Model 3: Bone-Conduction Implants for Single-Sided Deafness and 
Conductive or Mixed Hearing Loss 

Figure 6 shows the patient pathway in Ontario for adults and children undergoing bone-
conduction implantation. These health care visits are accounted for as events in the model in 
which there may be associated costs and changes to quality of life. Unlike the cochlear 
implantation pathway, we did not include rehabilitation with an auditory verbal therapist. 
Rehabilitation is not required because bone-conduction implants produce a more natural sound, 
whereas cochlear implants produce a more distorted (sometimes described as “robotic”) sound. 
Consequently, patients undergoing cochlear implantation need to learn how to hear with their 
device. We based the patient pathway on active transcutaneous implant procedures for the 
reference case because these implants are commonly used in Ontario.  
 

 
 
Figure 6: Patient Pathway for Children and Adults Receiving a Bone-Conduction Implant 

Sources: Expert opinion; Colquitt et al, 201149; Cochlear Limited Surgery Guides, 2014 and 2015.79,80 
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Main Assumptions 

The major assumptions for this model are: 
 

• There are no direct costs associated with hearing implants for patients in the No 
Intervention arm; this is a conservative assumption as patients or caregivers may have 
already invested in hearing aids 

• The same type of hearing implants have the same effectiveness, regardless of the 
manufacturer; that is, all cochlear implants from all manufacturers have the same 
effectiveness, all active percutaneous devices from all manufacturers have the same 
effectiveness, and so on  

• All patients receive an implant in only one ear; patients with unilateral and bilateral 
conductive or mixed hearing loss have identical costs and utilities  

• Disease-specific mortality (i.e., mortality associated with hearing loss) is negligible; we 
test this assumption in sensitivity analysis (In the reference case, we account only for 
age- and sex-specific background mortality)  

• Complication rates are device-specific rather than disease-specific. In other words, 
complication rates for bone-conduction implants are the same for patients with single-
sided deafness and with conductive or mixed hearing loss 

• We do not account for partial non-use of devices. We assumed people either use their 
devices over the model’s entire time horizon or elect not to use their devices at some 
point, in which case they remain a non-user for the remainder of the time horizon  

• We assume non-users are no longer at risk for complications associated with their 
implant 

• Patients are vaccinated and do not get meningitis after receiving their cochlear implant 

• Patients attend all their scheduled health care visits for audiologic management, 
surgical/wound management, and rehabilitation 

• The improvement in health-related quality of life due to receiving an implant does not 
deteriorate over time, as long as individuals continue to use their device 

 

Clinical Outcome and Utility Parameters  

We used a number of input parameters to populate the model. These included: 
 

• Variables to model the natural history of the disease 

• Variables to modify the natural history model to account for treatment effects of cochlear 
implants and bone-conduction implants 

• Variables to capture people’s health-related quality-of-life  

 

Natural History 

Model 1: Cochlear Implants for Single-Sided Deafness  

Successful surgical procedure. Based on experience of the Ontario Cochlear Implant Program, 
we assumed all initial surgical procedures would be successful (written communication, Joseph 
Chen, MD, June 10, 2018). 
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Complications. None of the systematic reviews on cochlear implantation in single-sided 
deafness examined in our clinical review reported adverse events. Instead, we based 
complication parameters on two large, retrospective analyses described in the clinical review. 
The analyses were conducted in cochlear implant recipients with bilateral sensorineural hearing 
loss.57,58 Table 14 shows the probability of experiencing complications for patients in the “alive 
with implant” health state (Appendix 7, Complications, Table A8, shows the corresponding 
conditional 6-month probabilities). Complications were defined as: 
 

• Minor complications—These require conservative management. They include 
infections resolved by medical treatment (i.e., skin infections, otitis media), neurological 
complications (i.e., temporary facial palsy, dysgeusia), pain (i.e., facial stimulation, facial 
or neck pain), tinnitus, vestibular complications (i.e., vertigo, dizziness), and others (i.e., 
cerebrospinal fluid leak, hematoma). In the model, we assumed minor complications 
occur only within the first year after surgery. In sensitivity analyses, we assumed a 
constant probability of minor complications throughout the duration of the model  

• Major complications—These require hospitalization and/or surgical revisions. They 
include but are not limited to device failures, infections (i.e., mastoiditis), cholesteatoma, 
and perforated eardrum after acute otitis media. Meningitis infections were excluded 
because we assumed everyone was vaccinated prior to implantation. We assumed the 
probability of major complications remained constant over time. Individuals may have 
more than one major complication over the course of the model (unless their device is 
permanently removed)  

• Explantation (including explantation only or re-implantation)—A subset of major 
complications included those that require the implant to be removed (e.g., due to device 
malfunction or persistent infection). We assumed the probability of explantation 
(conditional on a major complication) remained constant over the course of the model  

• Re-implantation only—A subset of explantations includes re-implantations. We 
assumed the probability (conditional on an explantation) was constant over time. 
Individuals may experience more than one re-implantation over the course of the model  
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Table 14: 6-Month Probability of Complications After Cochlear Implantation 

Complications Probability SD Distribution Reference 

Minor complications (occurrence during first year) 

Minor complications, adults 0.0720 0.0186 Beta Health Quality Ontario, 2018,29 which 
pooled probability from Venail et al, 
2008,57 and Farinetti et al, 201458 

Minor complications, children 0.0338 0.0106 Beta Health Quality Ontario, 2018,29 which 
pooled probability from Venail et al, 
2008,57 and Farinetti et al, 201458 

Major complications (ongoing occurrence)  

Major complication, adults  0.0083 0.0008a Beta Venail et al, 200857 

Conditional probability 
explantationb, adults 

0.77 0.077a Beta Venail et al, 200857 

Conditional probability re-
implantationc, adults 

0.92 0.092a Beta Venail et al, 200857 

Major complications, children 0.0093 0.0009a Beta Venail et al, 200857 

Conditional probability 
explantationb, children 

0.74 0.074a Beta Venail et al, 200857 

Conditional probability re-
implantationb, children 

0.96 0.096a Beta Venail et al, 200857 

Abbreviation: SD, standard deviation. 

Note: 6-month probabilities are reported unless otherwise stated. 
aSD assumed to be 10% of mean. 
bConditional probability of explantation given a major complication. Calculated as no. of individuals with explantation (either explantation only or re-
implantation) ÷ no. of individuals with major complications.  
cConditional probability of re-implantation given an explantation. Calculated as no. of individuals with re-implantation ÷ no. of individuals with explantation 
(either explantation only or re-implantation).  

 
 
Elective device non-use. People who have received a cochlear or bone-conduction implant may 
elect to no longer use their sound processor (the external component), for various reasons. It 
may be due to low self-reported benefit from the implant, learning disabilities, lack of support 
from family, or lack of support from educational placements.76,77,81 Table 15 shows the 
probability of elective non-use in children and adults used in the reference case and sensitivity 
analyses. In our reference case, based on Ontario data, we assumed over 5 years 9% of adults 
would not use their device. The rate of non-use in children with single-sided deafness has been 
shown to be very low.82 To be conservative, in our reference case we assumed 5% of children 
over ten years would not use their devices. We assumed the rate of non-use is constant over 
the included time frame (Table 15) and negligible after.  
 
We conducted several sensitivity analyses: we assumed the risk of non-use is constant over the 
entire time horizon, and we used time-dependent probabilities obtained from the literature, as 
well as constant probabilities over time obtained from expert opinion. Appendix 7, Elective Non-
use, Table A9, shows the corresponding 6-month probabilities. 
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Table 15: Probability of Not Using Cochlear Implant 

Adults Children 

Reference Probability Time Frame Probability Time Frame 

Reference case  

9% 5 y  5% 10 y Data from OCIPa (adults); assumption 
(children) 

Sensitivity analysis  

Time-dependent; see Appendix 7, Table A9 Bhatt et al, 200983; Ozdemir et al, 201376; 
Archbold et al, 200984; Ray et al, 200685; Raine 
et al, 200881  

5% 10 y  0% 4 m Expert opinion (adults); Polonenko et al, 
201782 (children) 

Abbreviations: m, month; OCIP, Ontario Cochlear Implant Program; y, year. 
aWritten communication, Joseph Chen, MD, July 12, 2018. 

 
 

Models 2 and 3: Bone-Conduction Implants for Single-Sided Deafness, and Bone-
Conduction Implants for Conductive or Mixed Hearing Loss 

Successful surgical procedure. Based on experience of the Ontario Cochlear Implant Program, 
we assumed all initial surgical procedures would be successful. 
 
Complications. We assumed that complications are device-specific rather than disease-specific 
(i.e., same probability of complications for people with single-sided deafness versus conductive 
or mixed hearing loss). Wherever possible, we based complications on systematic reviews 
identified in our clinical review and stratified by adults and children.43,48,56 As in model 1, we 
defined minor complications as requiring conservative management and occurring only in the 
first year after implantation, given the short follow-up time of clinical studies. In sensitivity 
analysis, we assumed a constant probability of minor complications throughout the duration of 
the model because skin-related complications may be expected to occur at any time, not only 
right after implantation. We defined major complications as requiring hospitalization and/or 
surgical revisions. A subset of major complications included explantation and re-implantation of 
the device. We assumed a constant probability of major complications throughout the duration 
of the model.  
 

• Minor complications—For single-sided deafness and conductive or mixed hearing 
loss, the reference case for adults in models 2 and 3 was based on active 
transcutaneous devices (Table 16). One systematic review pooled the number of 
patients experiencing adverse events (5.1% over 11 months).43The majority of studies 
were in adult-only populations. Minor events included skin infections, wound pain, 
dizziness, tinnitus, and headache.  

 
For children, the reference case in models 2 and 3 was based on two studies 
conducted in children with active percutaneous devices (Table 16).86,87 One of the 
studies also included children with passive transcutaneous devices. The rate of minor 
complications was high (more than 70% over 2 to 3 years). 
 
Sensitivity analyses for the rate of minor complications were based on different device 
types, as summarized in Appendix 7, Table A8.  
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• Major complications—For adults with single-sided deafness or conductive or mixed 
hearing loss, the reference case in models 2 and 3 was based on studies of active 
transcutaneous devices (Table 16). One systematic review pooled the total number of 
people requiring revision surgery after implantation (0.85% over 12 months).43 The vast 
majority of studies were in adult-only populations.  
 
For children with single-sided deafness or conductive or mixed hearing loss, the 
reference case in models 2 and 3 was based on the complication rate in three studies 
of children with active percutaneous devices.86-88 One of the studies also included 
children with passive transcutaneous devices. 
 
Sensitivity analyses for the rate of minor complications were based on different device 
types, as summarized in Appendix 7, Table A8.  

 
Explantation (including explantation only or with re-implantation). A subset of major 
complications included those that require the implant to be removed and, in some cases,  
re-implanted (i.e., due to device malfunction or patient request).  

 
Re-implantation only. A subset of explantations includes re-implantations. Patients may have 
more than one re-implantation over the course of the model.  
 
Table 16: 6-Month Probability of Complications After Receiving a Bone-Conduction Implant  

Complications Estimate SD Distribution Reference 

Minor complications (occurrence during first year)  

Active transcutaneous devices, adults  0.0283 0.0028a Beta Sprinzl and Wolf-Magele, 201543 

Active percutaneous devices, children 0.5632 0.0563a Beta Chan et al, 201786; Kraai et al, 
201187  

Major complications (ongoing occurrence) 

Active transcutaneous devices, adults  0.0043 0.0004a Beta Sprinzl and Wolf-Magele, 201543 

Conditional probability 
explantation,b adults 

0.54 ±10% Uniform Badran et al, 200970 (assumed 
same as active percutaneous) 

Conditional probability  
re-implantation,c adults 

0.77 ±10% Uniform Badran et al, 200970 (assumed 
same as active percutaneous) 

Active percutaneous devices, children 0.0345 0.0035a Beta Chan et al, 201786; Kraai et al, 
201187; Yellon et al, 200788  

Conditional probability 
explantation,b children 

0.41 ±10% Uniform Chan et al, 201786; Kraai et al, 
201187; Yellon et al, 200788 

Conditional probability  
re-implantation,c children 

0.47 ±10% Uniform Chan et al, 201786; Yellon et al, 
200788 

Abbreviation: SD, standard deviation. 

Note: 6-month probabilities are reported unless otherwise stated. 
aSD assumed to be 10% of mean. 
bConditional probability of explantation given a major complication. Calculated as no. of individuals with explantation (either explantation only or re-
implantation) ÷ no. of individuals with major complications.  
cConditional probability of re-implantation given an explantation. Calculated as no. of individuals with re-implantation ÷ no. of individuals with explantation 
(either explantation only or re-implantation).  
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Elective device non-use. Patients who have received a bone-conduction implant may choose to 
stop using their sound processor. We stratified by adults and children where possible  
(Table 17). In the reference case for most subgroups, we used probabilities from Ontario data or 
literature and assumed non-use was constant over the duration of the follow-up. While expert 
opinion suggests non-use in adults with conductive or mixed hearing loss is negligible, to be 
conservative we assumed 5% of patients over 10 years would cease to use their device.  
 
In a series of sensitivity analyses, we assumed the risk of non-use is constant over the entire 
time horizon and we used non-use estimates based on expert opinion and the literature. 
Appendix 7, Elective Non-use, Table A10, shows the corresponding 6-month probabilities.  
 
Table 17: Probability of Not Using Bone-Conduction Implant 

 Adults  Children 

Reference Probability Time Frame  Probability Time Frame  

Reference case  

Model 2 (single-
sided deafness) 

5% 4 y  5% 4 y Data from OCIPa (assumed 
children same as adults) 

Model 3 
(conductive/mixed 
hearing loss) 

5% 10 y  11% 7.7 m Assumption (adults); 
Polonenko et al, 201689 
(children)  

Sensitivity analysis  

Model 2 (single-
sided deafness) 

30% 7.5 y  72.7% 8.6 y Expert opinion; Kesser et al, 
201390 

Model 3 
(conductive/mixed 
hearing loss) 

10% 

 

7.5 y 

 

 10% 7.5 y Expert opinion (assumed 
children same as adults) 

Model 3 
(conductive/mixed 
hearing loss) 

0% 

 

4 y 

 

   Data from OCIPa  

Model 3 
(conductive/mixed 
hearing loss) 

Up to 19% 3.2 y  Up to 11% 2.8 y Gluth et al, 201091; Hobson 
et al, 201072; Kraai et al, 
201187; Kiringoda and Lustig, 
201356 

Abbreviations: OCIP, Ontario Cochlear Implant Program; y, year. 
aPersonal communication, Joseph Chen, MD, July 12, 2018.  

 
 

Common Parameters Across All Models 

Mortality 

We assumed hearing loss or hearing implants did not have an impact on mortality. People in all 
health states had the same mortality (Statistics Canada lifetables, 2014–2016).92 In sensitivity 
analyses, we assumed an increased risk of mortality associated with hearing loss, which was 
reported for people aged 70 years or older.93 We applied a statistically nonsignificant hazard 
ratio to people over age 70 without an implant (1.39; 95% confidence interval = 0.97 to 2.01).93 
This hazard ratio is applicable in two scenario analyses: when the time horizon is extended, and 
when the age of implantation in adults is at the upper range. In the reference case, the models 
terminate before people reach age 70. 
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Sound Processor  

Given the time horizon of 25 years (for model 1) and 10 years (for models 2 and 3), the external 
component of a hearing implant (the sound processor) may need replacement or upgrading due 
to personal choice or malfunction. Table 18 summarizes the time to replacement, manufacturer 
warranty, and funding provided for sound processors by the Assistive Devices Program of the 
Ministry of Health. In the reference case, the program pays for replacement up to a certain limit 
($5,444 or $3,000, depending on device). In the scenario analysis using a public payer 
perspective, we assumed 40% of patients would be considered low-income and, therefore, the 
Ministry of Community and Social Services would pay remaining costs not covered by the 
Assistive Devices Program. In another scenario analysis, we assumed the program would pay 
the full cost of replacement. We assumed that the cost of a sound processer is approximately 
half of the total device cost (i.e., internal implant and sound processor). 
 
Table 18: Model Inputs for Replacement of Sound Processors for Hearing Implants 

 Model 1  Models 2 and 3 

Sound processor replacement 
time (uniform distribution) 

5 to 10 y 3 to 7 y 

Manufacturer warranty 5 y for initial;  
3 y for subsequent  

2 to 3 y 

Current ADP funding outside 
warranty period 

75% of cost, up to $5,44494  75% of cost, up to $3,00094 for active 
percutaneous devices;  

none for other bone-conduction 
implants 

Reference case: ADP funds up to 
a limit 

$5,444 $3,000 for all bone-conduction 
implants 

Scenario: Public payer (40% 
eligible for MCSS funding) 

$5,444 for 60%; $11,000a for 40% $3,000 for 60%; 
$4,500–$5,500 for 40% 

Scenario: ADP funds full list price $11,000 $4,500–$5,500  

Abbreviations: ADP, Ministry of Health Assistive Devices Program; MCSS, Ministry of Community and Social Services.  

 
 

Utilities  

Utilities are measures of patients’ preferences about quality of life in different health states. 
While the clinical review identified several studies on hearing-specific quality of life, these 
cannot be translated into utility values without validated mapping algorithms. In the absence of 
mapping studies, we performed a targeted literature search for utility values on February 26, 
2018, for studies published from inception to the search date in MEDLINE. The search was 
based on the clinical search strategy with a methodological filter applied to limit retrieval to 
health state utility values.95 See Appendix 1 for the literature search strategies, including all 
search terms. In addition, the health economist searched the Cost-Effectiveness Analysis 
Registry published by Tufts Medical Center for utilities and disutilities (decreases, or 
decrements, in quality of life) associated with the model health states. We screened for 
preference-based quality of life measures, which differ from other quality of life measures (i.e., 
acoustic measures) reported in the clinical review.  
 
We restricted our reference case to utilities derived from the Health Utilities Index Mark III 
(HUI3) questionnaire (a generic health-related quality-of-life tool), for two reasons. First, 
preferences in this questionnaire are derived from the Canadian general public.96 Second, it 
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includes a question on hearing among other health attributes such as pain and mobility. The 
hearing attribute allows the HUI3 to be more responsive than other generic questionnaires (i.e., 
SF-36 or EQ-5D) in estimating utility related to hearing loss.97 Utilities range from 0 (equivalent 
to being dead) to 1 (equivalent to perfect health). A mean difference in health utilities of more 
than 0.03 in the HUI score is considered clinically relevant.98 We constrained the total health 
utility per year to a value between 0 and 1.  
 
We were unable to obtain disutilities associated with complications in our populations of interest 
from these searches. In the reference case, we did not apply disutilities. In sensitivity analyses, 
we applied disutilities obtained from the Health Quality Ontario health technology assessment 
on bilateral cochlear implants.29 
 

Model 1: Cochlear Implants for Single-Sided Deafness   

In the reference case, we derived health utilities from the literature (Table 19). According to a 
systematic review in 2016,41 only one study reported preference measures for people with 
single-sided deafness receiving cochlear implantation.99 These utilities were derived from a 
single centre in Germany, where adults responded to the HUI3 before receiving a cochlear 
implant and 6 months after the implant was activated. We did not identify relevant studies for 
children with single-sided deafness, so we assumed utilities were the same as for adults  
(Table 19). 
 
From the grey literature, we identified a conference poster reporting utilities, measured using the 
time trade-off methodology, among the general public in the United Kingdom.100 We used these 
estimates in sensitivity analyses.  
 
Table 19: Health Utilities Used in Economic Model for Adults and Children With Single-Sided 

Deafness Receiving a Cochlear Implant 

 Estimate SD Distribution Reference 

Reference case 

Health states for adults and childrena 

Alive without implant 0.56 0.3101 Beta Arndt et al, 201199 (based on HUI3)  

Impact of intervention (mean differencea) 

Cochlear implant vs. 
unaided 

0.24 0.3106 Normal Derived from Arndt et al, 201199 (based on 
HUI3)  

Sensitivity analyses 

Health states for adults and childrena    

Alive without implant 0.80 0.0153 Beta Lucas et al, 2015100 (based on TTO in 
general public)  

Impact of intervention (mean differencea,b)  

Cochlear implant vs. 
unaided 

0.050 0.0073 Normal Derived from Lucas et al, 2015100 (based on 
TTO in general public) 

Disutilitiesc     

Minor complication  0.020 0.0015 Beta Health Quality Ontario, 201829 

Major complication 0.020 0.0015 Beta Health Quality Ontario, 201829 

Abbreviations: HUI3, Health Utilities Index Mark III questionnaire; SD, standard deviation; TTO, time trade-off methodology. 
aUtility values derived from adults but assumed to be the same in children.  
bMean difference = utilities of intervention group minus comparator group. Health utilities range from 0 (equivalent to dead) to 1 (perfect health). 
cDisutilities are decrements to quality of life.  
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Model 2: Bone-Conduction Implants for Single-Sided Deafness 

In the reference case, we used time-dependent HUI3 data provided by an Ontario hospital 
(written communication, Joseph Chen, MD, June 13, 2018). The study sample was adults who 
had received an active transcutaneous implant (n = 17) and were surveyed up to 12 months 
after implantation. We assumed the improvement realized at 12 months (not statistically 
significant) remained constant thereafter, if the individuals continued to use their device. In the 
literature, we were unable to identify relevant data for children, and so we assumed they 
experienced the same baseline quality of life and implant benefit (Table 20). 
 
For sensitivity analyses, we used utilities from the literature (see Appendix 7, Utilities, for 
description).  
 
Table 20: Health Utilities Used in Economic Model for Adults and Children With Single-Sided 

Deafness Receiving a Bone-Conduction Implant 

 Estimate SD Distribution Reference 

Reference case 

Health states for adults and childrena 

Alive without implant 0.78 0.1693 Beta Data from Ontario hospital 
(based on HUI3)b 

Impact of intervention (mean differencea,c) 

Active transcutaneous vs. unaided, months after implantation: 

6 m 0.06 0.0526 Normal Data from Ontario hospital 
(based on HUI3)b 

12 m and onwards 0.01 0.0701 

Sensitivity analyses 

Health states for adults and childrena 

Alive without implant 0.56 0.3101 Beta Arndt et al, 201199 (based on 
HUI3)  

Impact of intervention (mean differencea,c) 

Bone-conduction hearing 
aid (i.e., softband/tension 
clamp) vs. unaided  

0.11 0.3539 Normal Derived from Arndt et al, 201199 
(based on HUI3); assumed 
bone-conduction implant 
produced the same 
improvement as hearing aid  

Disutilitiesd     

Minor complication (1-month 
duration) 

0.020 0.0015 Beta Assumed same as model 1 

Major complication 0.020 0.0015 Beta Assumed same as model 1 

Abbreviations: EQ-5D VAS, EuroQol 5 Dimensions questionnaire visual analogue scale; HUI3, Health Utilities Index Mark III questionnaire; SD, 
standard deviation. 
aUtility values derived from adults but assumed to be the same in adults.  
bWritten communication, Joseph Chen, MD, June 13, 2018. 
cMean difference = utilities of intervention group minus comparator group. Health utilities range from 0 (equivalent to dead) to 1 (perfect health). 
dDisutilities are decrements to quality of life. 

 
 

Model 3: Bone-Conduction Implants for Conductive or Mixed Hearing Loss 

In the reference case, we used time-dependent HUI3 data provided by an Ontario hospital 
(written communication, Joseph Chen, MD, June 13, 2018) to reflect benefits for adults 
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implanted with an active transcutaneous device (n = 33). Again, we assumed the improvement 
realized at 12 months remained constant for the remainder of time, as long as the individuals 
continued to use their device. Given the lack of data for children, we assumed they had the 
same health utilities as adults (Table 21).  
 
For sensitivity analyses, we used utilities from the literature (see Appendix 7, Utilities, for 
description).  
 
Table 21: Health Utilities Used in Economic Model for Adults and Children With Conductive or 

Mixed Hearing Loss Receiving a Bone-Conduction Implant 

 Estimate SD Distribution Reference 

Reference case 

Health states for adults and childrena 

Alive without implant 0.69 0.1972 Beta Data from Ontario hospital (based on 
HUI3)b 

Impact of intervention (mean differencea,c) 

Active transcutaneous vs. unaided, months after implantation: 

6m 0.07 0.0559 Normal Data from Ontario hospital (based on 
HUI3)b 

12 m and onwards 0.04 0.0538 

Sensitivity analysis 

Health states for adults and childrena 

Alive without implant 0.57 0.028 Beta Monksfield et al, 201162 (based on HUI3, 
mix of conductive/mixed and single sided 
sensorineural hearing loss)  

Impact of intervention (mean differencea,c)  

Active percutaneous vs. 
unaided 

0.09 0.042 Normal Monksfield et al, 201162 (based on HUI3, 
mix of conductive/mixed and single sided 
sensorineural hearing loss)  

Disutilitiesd     

Minor complication (1-
month duration) 

0.020 0.0015 Beta Assumed same as model 1 

Major complication 0.020 0.0015 Beta Assumed same as model 1 

Abbreviation: HUI3, Health Utilities Index Mark III questionnaire. 

aUtility values derived from adults but assumed to be the same in adults.  
bWritten communication, Joseph Chen, MD, June 13, 2018. 
cMean difference = utilities of intervention group minus comparator group. Health utilities range from 0 (equivalent to dead) to 1 (perfect health). 
dDisutilities are decrements to quality of life. 

 
 

Cost and Resource Use Parameters  

We report currency in Canadian dollars in the costing index year of 2018 (Consumer Price Index 
for Canada health and personal care).101 We included direct medical costs associated with 
hearing implants. Our target population were those who did not benefit from other amplification 
methods (i.e., hearing aids); therefore we assumed the comparator arm (i.e., no hearing 
implant) did not have any associated costs. For the intervention arm (i.e., hearing implant), we 
included the following costs: 

 

  



Primary Economic Evaluation March 2020 
 

Ontario Health Technology Assessment Series; Vol. 20: No. 1, pp. 1–165, March 2020 65 

• Preprocedural costs—candidacy assessment, imaging, and consultations 

• Procedural costs—cost of device, surgeon fees, and hospital costs (e.g., operating 
room costs, post-anesthetic care unit costs) 

• Postprocedural costs—surgical/wound management (i.e., follow-up with the surgeon), 
audiologic management, as well as rehabilitation for cochlear implant recipients.  

• Complication costs—minor, major, explantation, and re-implantation 

 
In current practice, Ontario provides no targeted public funding for hearing implants in these 
populations, but they are still made available to a very limited extent through hospital funding 
provided by the Ministry of Health or research grants. Some costs may be covered by the 
individuals (or families) receiving the devices (i.e., batteries, partial device costs, and processor 
upgrades). Assumptions about funding mechanisms considered in our model are as follows: 

 

• Internal device bundled with initial sound processor—Some manufacturers 
provided a list price for the internal device and external sound processor combined, 
while others provided them separately. We assumed a bundled cost in the economic 
models, fully paid for by the Ministry.  

• Sound processor upgrades/replacement—Replacing or upgrading the sound 
processor is currently covered, in part, by the Assistive Devices Program for some 
devices (cochlear implants and active percutaneous bone-conduction implants only). In 
our reference case analysis, we assumed the program would pay up to a maximum 
amount as outlined in Table 18. In scenario analyses, we assumed the program would 
pay the full amount.  

• Battery replacement—We assumed manufacturers or patients would cover the cost of 
battery replacements. Hence, we did not include these in our economic model.  

 

Preprocedural, Procedural, and Postprocedural Costs 

Model 1: Cochlear Implants for Single-Sided Deafness  

Based on expert consultation, the patient pathway for model 1 is the same as that for unilateral 
cochlear implantation in bilateral sensorineural hearing loss. Hence, we used many of the same 
assumptions on frequency of health care visits and cost and resource use parameters from the 
previous Health Quality Ontario health technology assessment.29 The previous assessment was 
based on Chen et al, 2014,74 and expert opinion.  
  



Primary Economic Evaluation March 2020 
 

Ontario Health Technology Assessment Series; Vol. 20: No. 1, pp. 1–165, March 2020 66 

Table 22: Preprocedural Costs Included in the Economic Model for Adults and Children With  
Single-Sided Deafness Receiving a Cochlear Implant 

Variable Unit Cost, $ 
Quantity  

(Total Duration) Total Cost, $ Reference 

Preprocedural assessment tests, adults   

Audiologic assessments 63.78 1 63.78 Health Quality Ontario, 201829 
(based on Chen et al, 201474 
and clinical experts) 

Vestibular assessment 116.93 1 116.93 

Preprocedural assessment tests, children 

Audiologic assessment  48.54 3 (3 hours) 145.62 Health Quality Ontario, 201829 
(based on OPSEU collective 
agreement102 and clinical 
experts); expert opinion  

Vestibular assessment  116.93 1 116.93 

Language assessment 48.54 1 (1 hour) 48.54 

Social worker 48.54 1 (1 hour) 48.54 

Other preprocedural costs    

MRIa 223.45 1 223.45 Schedule of Benefits (X421, 
Z430)103; Health Quality 
Ontario, 201829 

CT scanb 43.15 1 43.15 Schedule of Benefits 
(X001)103; Health Quality 
Ontario, 201829 

Surgical consult 160.00 1 160.00 Schedule of Benefits 
(A935)103; Health Quality 
Ontario, 201829 

Preoperative general 
assessment 

65.05 1 65.05 Schedule of Benefits 
(A903)103; Health Quality 
Ontario, 201829 

Total preprocedural costs, adults, $  448.91  

Total preprocedural costs, children, $ 808.13  

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; OPSEU, Ontario Public Service Employees Union.  
aMRI with anesthesia used for children.  
bCT scan used for adults.  

 
 
Table 23: Procedural Costs Included in the Economic Model for Adults and Children With  

Single-Sided Deafness Receiving a Cochlear Implant 

Variable Cost, $ SD Distribution Reference 

Device cost (internal device + sound 
processor) 

25,000.00 2,500 Gamma Health Quality Ontario, 
201829 

Hospital costsa 4,722.74 940 Gamma Merdad et al, 2014104 

Physician fees for cochlear implant 1,524.16 N/A N/A Schedule of Benefits (E341, 
E320)103 

Total procedural costs, adults 
and children 

31,246.90    

Abbreviations: N/A, not applicable; SD, standard deviation. 
aIncludes operating room time, nursing, anesthesiology, supplies, etc. Does not include indirect costs such as overhead.  
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In line with the previous Health Quality Ontario health technology assessment,29 we 
incorporated the following postprocedural costs. As part of surgical/wound management, 
patients have a follow-up visit with the clinician. As part of audiologic management, there is 
follow-up with an audiologist to program and optimize the cochlear implant. As part of 
rehabilitation to retrain hearing, patients often receive auditory-verbal therapy. In the reference 
case, we assumed no adults received rehabilitation (neither hospital-based nor community-
based). We assumed 5% of children received hospital-based rehabilitation and the remaining 
95% received community-based rehabilitation (funded by the Ministry of Child and Youth 
Services Infant Hearing Program and the Ministry of Education). The length of rehabilitation is 
expected to vary, but conservatively we assumed for children it would consist of 1 appointment 
per week over 18 months. In sensitivity analyses, we varied the proportion of adults and children 
receiving auditory-verbal therapy. We assumed rehabilitation for adults would consist of 2 to 3 
one-hour sessions funded by hospitals.  
 
Table 24: Postprocedural Costs Included in the Economic Model for Adults and Children With  

Single-Sided Deafness Receiving a Cochlear Implant 

Variable Unit Cost, $ 
Quantity  

(Total Duration) Total Cost, $ Reference 

Follow-up visit with 
ENT specialist (for 
adults and children) 

31.00 1 31.00 Schedule of Benefits (C242)103 

Follow-up costs, audiologist appointments, adults   

Year 1 48.54 5 (5 hours) 242.70 Health Quality Ontario, 201829 
(based on OPSEU collective 
agreement102 and clinical 
experts)  

Year 2 48.54 1 (1 hour) 48.54 

After year 2 48.54 Every other year (1 
hour) 

48.54/2 years 

Follow-up costs, audiologist appointments, children  

Year 1  48.54 4 (4 hours) 194.16 Health Quality Ontario, 201829 
(based on OPSEU collective 
agreement102 and clinical 
experts); expert opinion  

Year 2 48.54 2 (2 hours) 97.08 

After year 2 48.54 Every year (1 hour) 48.54/1 year 

Rehabilitationa (audio-verbal therapist) 

Children  48.54 Every week (1 hour) 

for 18 monthsa 
3,786.12 Health Quality Ontario, 201829 

(based on OPSEU collective 
agreement102 and clinical 
experts); expert opinion  

Total postprocedural costs, adults  
(first 2 years, not including rehabilitation) 

322.24  

Total postprocedural costs, children  
(first 2 years, not including rehabilitation) 

322.24  

Abbreviations: OPSEU, Ontario Public Service Employees Union.  
aOccurs in hospital for 5% of children in the reference case analysis.  
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Models 2 and 3: Bone-Conduction Implants for Single-Sided Deafness and Conductive 
or Mixed Hearing Loss 

The costs associated with a bone-conduction implant should be the same regardless of whether 
the patient has single-sided deafness versus conductive or mixed hearing loss (Tables 25, 26, 
27). For procedural costs (Table 26), mean estimates for device costs and physician fees were 
based on active transcutaneous devices for adults and active percutaneous devices for children. 
Ranges were based on other bone-conduction implant costs. In some cases, in children, bone-
conduction devices may be implanted in a two-stage surgery. The range of physician fees 
account for the additional physician fees that would be associated with a two-stage surgery. For 
pre- and postprocedural costs (Tables 25 and 27), the unit costs were informed by collective 
agreements or the Schedule of Benefits. The quantities (number of hours or visits) were 
informed by a health technology assessment conducted by the University of Alberta47 as well as 
clinical experts. We assumed there would be no rehabilitation required for patients receiving 
bone-conduction implants.  
 
Table 25: Preprocedural Costs Included in the Economic Model for Adults and Children With Single-

Sided Deafness or Conductive/Mixed Hearing Loss Receiving a Bone-Conduction Implant 

Variable Unit Cost, $ 
Quantity  

(Total Duration) Total Cost, $ Reference 

Preprocedural assessment tests, adults   

Audiologic assessment 
(including counselling) 

48.54 6 hours  291.24 OPSEU collective 
agreement102 and clinical 
experts 

Preprocedural assessment tests, children 

Audiologic assessment  48.54 2 hours 97.08 University of Alberta, 
201147; OPSEU collective 
agreement102 and clinical 
experts 

Other preprocedural costs    

ENT specialist visit 77.90 1 77.90 Schedule of Benefits 
(C245)103 and clinical 
experts 

Total preprocedural costs, adults  369.14  

Total preprocedural costs, children 174.98  

Abbreviations: ENT, ear, nose, and throat; OPSEU, Ontario Public Service Employees Union.  
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Table 26: Procedural Costs Included in the Economic Model for Adults and Children With Single-
Sided Deafness or Conductive/Mixed Hearing Loss Receiving a Bone-Conduction Implant 

Variable Cost, $ SD or Range Distribution Reference 

Adults, active transcutaneous device    

Internal device + sound processor  11,000.00 Range: 6,000 
to 11,000 

N/A Manufacturers 

Physician fee  733.55 Range: 345.15 
to 1,556.74 

N/A Reference case: Ministry of 
Health 

Range: Schedule of 
Benefits (E346, 
E322+R005)103 

Hospital costsa  3,701.93 

 

SD: 2,129.16 Gamma Ontario Case Costing day 
surgery (2016/2017)105 b 

Children, active percutaneous device    

Internal device + sound processor 9,000.00 Range: 6,000 
to 11,000 

N/A Manufacturers  

Hospital costsa  3,701.93 

 

SD: 2,129.16 Gamma Ontario Case Costing day 
surgery (2016/2017)105 b 

Physician fee  733.55 Range: 345.15 
to 1,556.74 

N/A Reference case: Ministry of 
Health 

Range: Schedule of 
Benefits (E346, 
E322+R005)103 

Total procedural costs, adults  15,435.48    

Total procedural costs, adults  13,435.48    

Abbreviations: N/A, not applicable; SA, sensitivity analysis; SD, standard deviation 
aIncludes operating room time, nursing, anesthesiology, supplies, etc. Does not include indirect costs such as overhead. 
bIncluding Canadian Classification of Health Initiatives codes 1DL53LAEF,1DL53LAEFA,1DL53LAEG,1DL53LAEGB,1DL53LAEJ. 

 
 
Table 27: Postprocedural Costs Included in the Economic Model for Adults and Children With Single-

Sided Deafness or Conductive/Mixed Hearing Loss Receiving a Bone-Conduction Implant 

Variable Unit Cost, $ 
Quantity  

(Total Duration) Total Cost, $ Reference 

Follow-up visitsa with 
ENT specialist (for 
adults and children) 

31.00 3 93.00 Schedule of Benefits 
(C242, C247, C249)103 
and clinical experts 

Follow-up costs, audiologist appointments, adults   

Year 1 48.54 3 (3 hours) 145.62 OPSEU collective 
agreement102 and 
clinical experts 

After year 1 48.54 1 (1 hour) each year 48.54 

Follow-up costs, audiologist appointments, children  

Year 1 48.54 4 (4 hours) 194.16 OPSEU collective 
agreement102 and 
clinical experts 

After year 1  48.54 1 (1 hour) each year 48.54 

Total postprocedural costs (in first 2 years), adults  287.16  

Total postprocedural costs (in first 2 years), children  335.70  

Abbreviations: ENT, otolaryngologist; OPSEU, Ontario Public Service Employees Union.  
aENT visits at 3 weeks, 3 to 6 months, and 1 year post-implantation.  
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Complication Costs 

We had four broad categories of costs related to complications: (i) minor complications 
(requiring conservative management); (ii) major complications (requiring hospitalization or 
revision surgery without explantation or re-implantation); (iii) explantation without re-
implantation; and (iv) explantation followed by re-implantation. We weighted common types of 
minor events to generate an average cost for minor complications. We weighted common types 
of surgical revisions to generate an average cost for major complications (for calculations, see 
Appendix 7, Costs Associated With Complications, and Table A11). Table 28 shows the 
average costs of complications used in the reference case for the three economic models.  
 
Table 28: Complication Costs for Adults and Children Receiving a Hearing Implant 

 
Average Cost 

Adults, $ 
Average Cost 

Children, $ References 

Minor complication, all 
models 

73.66 
(Range: 72.78–93.88) 

87.84  
(Range: 83.93–93.88) 

Schedule of Benefits103; Ontario Drug 
Benefit Formulary106 

Major complication, all 
models 

2,928.78a 2,761.26a Ontario Case Costing 
(2016/2017)105; Merdad et al, 2014104 

Explantation only, all 
models 

4,427.05a 4,427.05a Gaboury et al, 2010107 

Re-implantation only, 
model 1 

18,427.05a,b 18,427.05a,b Derived based on Health Quality 
Ontario 201829 

Re-implantation only, 
models 2 and 3 

10,516.28a,b 
 

9,516.28a,b 
 

Reference case: University of 
Alberta, 2001,47 for hospital costs 
plus physician fees and internal 
device costs from Table 26 

Abbreviations: SA, sensitivity analysis. 
aAssumed a standard deviation of 10% for gamma distribution. 
bAssumed only cost of internal device required, no external processor cost included.  
bBased on active transcutaneous in adults and active percutaneous in children.  

 
 

Analysis 

We conducted all analyses in TreeAge Pro 2018. Outcomes are reported as incremental cost-
effectiveness ratios (ICER), which represent the incremental cost for each additional quality-
adjusted life-year (QALY) gained. 
 
In the reference case, we analyzed each model probabilistically using Monte Carlo simulations. 
To capture parameter uncertainty, we randomly sampled parameter distributions 10,000 times. 
Results of the probabilistic analyses are presented as cost-effectiveness acceptability curves.  
 
Scenario analyses were also run probabilistically. We ran one-way deterministic sensitivity 
analyses to examine the impact of varying one parameter on the results. Deterministic results 
are presented as a tornado diagram. Table 29 summarizes the analyses described in the 
Methods section above. 
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Table 29: Sensitivity Analyses and Scenario Analyses, Primary Economic Evaluation 

Scenario Parameter(s) Used in Reference Case 
Parameter(s) Used in Scenario 

Analysis 

Age of implantation (all 
models) 

Mean age (Table 12)  Lower and upper range (Table 12) 

Time horizon (all models) 25 years for cochlear implants; 10 years 
for bone-conduction devices 

Lifetime  

Perspective (all models) Ministry of Health Public payer (includes Ministry Health, 
Ministry of Community and Social 
Services, Ministry of Child and Youth 
Services, Ministry of Education); 
additional costs include sound 
processor replacement for people with 
low income, and rehabilitation for 
children with cochlear implants 

Complication rates 

(models 2 and 3) 

Rates associated with:  

• Adults: active transcutaneous bone-
conduction implants  

• Children: active percutaneous bone-
conduction implants 

• See Table 16 

Rates associated with other types of 
bone-conduction implants (Appendix 7, 
Table A8)  

Risk of minor 
complications (all models) 

Minor complications occur in first year of 
implantation 

All models: minor complications occur 
over entire duration of model 

Device non-use (all 
models) 

As described in Table 15, Table 17, 
Appendix Table A9, and Appendix Table 
A10 

As described in Table 15, Table 17, 
Appendix Table A9, and Appendix 
Table A10; includes time-dependent 
data from the literature 

Risk of non-use (all 
models) 

Non-use occurs over duration of follow-up 
data from Ontario Cochlear Implant 
Program (4 m to 5 y) 

Non-use occurs over entire duration of 
model 

Mortality  

(all models) 

Background mortality only Increased risk of mortality associated 
with hearing loss in elderly ≥ 70 years 
(HR = 1.39; 95% CI = 0.97 to 2.01) 

Health utilities  

(models 2 and 3) 

HUI3 data from Ontario hospital based on 
active transcutaneous bone-conduction 
implants  

Utilities from systematic search; based 
on other bone-conduction implants 

Disutilities (all models) No disutilities applied to complications Applied disutilities to complications 

Rehabilitation costs 
(model 1) 

Community-based rehabilitation (every 
week for 18 months) for children; none for 
adults 

Same as reference case for children; 
hospital-based rehabilitation (2 to 3  
1-hour sessions) for adults 

Sound processor (all 
models) 

Assistive Devices Program pays up to a 
maximum amount for replacement sound 
processors 

Assistive Devices Program pays the 
full amount for replacement sound 
processors 

Discount rate (all models) 1.5% 0%, 3%, 5% 

Abbreviations: CI, confidence interval; EQ-5D VAS, EuroQol 5 Dimensions questionnaire visual analogue scale; HR, hazard ratio; HUI3, Health 
Utilities Index Mark III questionnaire; m, month; TTO, time trade-off; y, year. 
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Generalizability 

The findings of this economic analysis cannot be generalized to all patients with single-sided 
deafness or conductive or mixed hearing loss. They may, however, be used to guide decision-
making about the specific patient populations addressed in the trials investigated by Health 
Quality Ontario.  
 

Results  

Reference Case Analysis  

Table 30 presents the reference case results. Among adults and children with single-sided 
deafness, cochlear implants provided greater health gains for an incremental cost compared 
with no intervention. Expressed as an incremental cost-effectiveness ratio (ICER), these 
estimates can be considered cost-effective under commonly used willingness-to-pay values of 
$50,000 and $100,000 per quality-adjusted life-year (QALY). Figure 7 shows the cost-
effectiveness acceptability curves for adults and children. Over a range of willingness-to-pay 
values on the x-axis, the curves show the proportion of the 10,000 simulated ICERs that are 
considered to be cost-effective. At a willingness-to-pay of $100,000 per QALY, 70% of the 
simulations were considered cost-effective. 
 
For people with single-sided deafness, bone-conduction implants provided minimal health gains 
(based on utilities derived from generic health-related quality-of-life tools) at an incremental cost 
compared with no intervention. Estimates of ICERs for both adults and children were not 
considered cost-effective under the commonly used willingness-to-pay value of $100,000 per 
QALY. At that willingness-to-pay, about 38% of the simulations were considered cost-effective. 
In about 45% of the simulations, bone-conduction implants were more costly and less effective 
than no intervention (Figure 8). 
 
For people with conductive or mixed hearing loss, bone-conduction implants provided health 
gains at an incremental cost compared with no hearing implants. At a willingness-to-pay value 
of $100,000, about 50% to 55% of the simulations were considered cost-effective, and in 27% of 
the simulations were more costly and less effective than no intervention (Figure 9). 
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Table 30: Reference Case Analysis Results 

Strategy 

Average 
Total Costs 

(±SD), $ 
Incremental 

Cost,a $ 

Average Total 
Effects (±SD), 

QALYs 

Incremental 
Effect,b,c 

QALYs 
ICER,c,d 

$/QALY 

Probability of 
Being Cost-

Effective (WTP 
$100,00/QALY) 

Model 1: Cochlear implants for single-sided deafness 

Adults       

No intervention 0  11.30 (± 6.20)    

Cochlear implant 50,089  
(± 4,894) 

50,089 14.06 (± 6.00) 2.76 18,148 70% 

Children       

No intervention 0  11.55 (± 6.34)    

Cochlear implant 53,497  
(± 5,285) 

53,497 14.56 (± 6.32) 3.01 17,783 70% 

Model 2: Bone-conduction implants for single-sided deafness 

Adults       

No intervention 0  6.89 (± 1.46)    

Bone-conduction 
implant 

22,436 
 (± 3,391) 

22,436 6.95 (± 1.58) 0.06 408,350 38% 

Children       

No intervention 0  6.90 (± 1.51)    

Bone-conduction 
implant 

22,798  
(± 3,420) 

22,798 6.95 (± 1.57) 0.05 402,899 37% 

Model 3: Bone-conduction implants for conductive/mixed hearing loss 

Adults       

No intervention 0  6.08 (± 1.74)    

Bone-conduction 
implant 

22,478  
(± 3,322) 

22,478 6.38 (± 1.72) 0.30 74,155 55% 

Children       

No intervention 0  6.14 (± 1.79)    

Bone-conduction 
implant 

21,114  
(± 3,438) 

21,114 6.38 (± 1.77) 0.24 87,580 50% 

Abbreviations: CE, cost-effective; ICER, incremental cost-effectiveness ratio; Q1 and Q2, quadrants 1 and 2 of cost-effectiveness plane; QALY, quality-
adjusted life-years; WTP, willingness-to-pay. 
aIncremental cost = average cost (hearing implant) − average cost (no intervention). 
bIncremental effect = average effect (hearing implant) − average effect (no intervention). 
cNumbers may appear off due to rounding.  
dICER = incremental cost ÷ incremental effect. 
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Figure 7: Cost-Effectiveness Acceptability Curve for People With Single-Sided Deafness  

Receiving a Cochlear Implant  

Abbreviation: QALY, quality-adjusted life-year. 
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Figure 8: Cost-Effectiveness Acceptability Curve for People with Single-Sided Deafness  

Receiving a Bone-Conduction Implant  

Abbreviation: QALY, quality-adjusted life-year. 
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Figure 9: Cost-Effectiveness Acceptability Curve for People with Conductive/Mixed Hearing Loss 

Receiving a Bone-Conduction Implant  

Abbreviation: QALY, quality-adjusted life-year. 
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Sensitivity Analysis  

Table 31 shows the results from scenario analyses where we tested alternate estimates of 
health-related quality of life. In the reference case analysis, we used health utilities derived from 
the HUI3 instrument, and we based estimates for models 2 and 3 on Ontario data. In scenario 
analyses, we used alternate estimates derived from a different way of capturing health-related 
quality of life (i.e., trade-off technique) for model 1, and different published sources for models  
2 and 3. These scenarios are presented in detail because they consistently produced the 
greatest fluctuations in ICER estimates compared with the reference case. Despite the wide 
fluctuations, the scenario results did not qualitatively change the conclusions of cost-
effectiveness demonstrated in models 1 and 3. ICER estimates in model 2 did change 
qualitatively if we assumed a greater improvement in health-related quality of life than we 
assumed in the reference case.  
 
The other scenario analyses produced generally robust results and, in most cases, did not 
qualitatively change the conclusions about cost-effectiveness. Hence, we present only the range 
of ICERs from scenario analyses in Appendix 7, Table A12. Several of the lower ICER 
estimates were generated by the scenario with a lifetime time horizon plus an increased risk of 
death associated with having no intervention. This is expected because most costs are upfront 
(i.e., preprocedural, procedural, rehabilitation), so a longer time horizon allows for greater health 
benefits to accrue without many more costs over the long term. Applying an increased risk of 
death to those without hearing implants consistently improved the ICER, as expected, because 
more people without hearing implants transition to the “dead” health state and, therefore, do not 
accrue as many quality-adjusted life-years. Several of the upper ICER estimates were 
generated by applying disutilities for complications and assuming that the Assistive Devices 
Program would cover the full cost of sound processor replacements.  
 
Appendix 7, Table A12, also presents results of the public payer scenario analysis, which 
includes costs we expected other ministries to cover, in addition to the Ministry of Health.  
 
Figures A1 to A3 in Appendix 7 present the one-way deterministic sensitivity analyses as 
tornado diagrams. The cost-effectiveness results were most sensitive to variations in the mean 
difference for health utilities and to variations in the cost of devices. Health utilities ranged from 
positive (in favour of hearing implants) to negative (in favour of no intervention) and, 
subsequently, the hearing implants ranged from very cost-effective (in association with positive 
utilities) to inferior (not cost-effective, in association with negative utilities). The results were also 
sensitive, although less so, to the probability of major complications and device non-use. 
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Table 31: Scenario Analyses Using Alternate Mean Differences in Health Utilities, Results 

 
Scenario Analysis 

Reference 
Case 

Average Total 
Costs (± SD), $ 

Incremental 
Cost,a $ 

Average Total 
Effects (± SD), 

QALYs 

Incremental 
Effect,b,c 

QALYs 
ICER,c,d 

$/QALY 
ICER,d 

$/QALY 

Model 1: Cochlear implants for single-sided deafness 

Adults: Based on time trade-off method, MDe: 0.050 MDe: 0.24 

No 
intervention 

0  16.00 (± 0.31)     

Cochlear 
implant 

50,090 (± 4,894) 50,090 16.90 (± 0.34) 0.90 55,655  18,148 

Children: Based on time trade-off method in adults, MDe: 0.050 MDe: 0.24 

No implant 0  16.40 (± 0.31)     

Cochlear 
implant 

53,497 (± 5,285) 53,497 17.39 (± 0.35) 0.99 54,038  17,783 

Model 2: Bone-conduction implants for single-sided deafness 

Adults: Based on bone-conduction hearing aid (i.e., softband/tension clamp), MDe: 0.11 MDe: 0.01 

No 
intervention 

0  4.92 (± 2.75)     

Bone-
conduction 
implant 

22,436 (± 3,391) 22,436 5.45 (± 3.01) 0.53 42,332  408,350 

Children: Based on bone-conduction hearing aid (i.e., softband/tension clamp), MDe: 0.11 MDe: 0.01 

No 
intervention 

0  4.94 (± 2.76)     

Bone-
conduction 
implant 

22,798 (± 3,420) 22,798 5.46 (± 3.00) 0.52 43,842  402,899 

Model 3: Bone-conduction implants for conductive/mixed hearing loss 

Adults: Based on active percutaneous device, MDe: 0.09 MDe: 0.04 

No 
intervention 

0  4.98 (± 0.25)     

Bone-
conduction 
implant 

22,478 (± 3,322) 22,478 5.76 (± 0.44) 0.78 28,818  74,155 

Children: Based on active percutaneous device, MDe: 0.09 MDe: 0.04 

No 
intervention 

0  5.05 (± 0.25)     

Bone-
conduction 
implant 

21,114 (± 3,438) 21,114 5.67 (± 0.41) 0.62 30,054  87,580 

Abbreviations: ICER, incremental cost-effectiveness ratio; MD, mean difference; QALY, quality-adjusted life-years.  
aIncremental cost = average cost (hearing implant) − average cost (no intervention). 
bIncremental effect = average effect (hearing implant) − average effect (no intervention). 
cNumbers may appear off due to rounding.  
dICER = incremental cost ÷ incremental effect. 
eRepresents the mean difference in utility values before and after implantation.   
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Discussion 

Results from the reference case and scenario analyses suggested that cochlear implants may 
be cost-effective compared with no intervention for people with single-sided deafness, but bone-
conduction implants are unlikely to be cost-effective in this population. Among those with 
conductive or mixed hearing loss, bone-conduction implants may be cost-effective compared 
with no intervention. For all three economic models, the simulated ICERs were all determined to 
be within quadrants 1 and 2 of the cost-effectiveness plane. Falling in quadrant 1 means that 
the hearing implant is costlier but more effective compared with no intervention. Being in 
quadrant 2 means the ICER is inferior; that is, the hearing implant is costlier and less effective 
than no intervention. Cochlear implants for single-sided deafness had about 70% of the 
simulations falling in quadrant 1 below a willingness-to-pay of $100,000 per QALY. There was 
greater uncertainty associated with bone-conduction implants for single-sided deafness (about 
38% fell in quadrant 1 below the willingness-to-pay), and conductive or mixed hearing loss (50% 
to 55% fell in quadrant 1 below the willingness-to-pay). 
 
As noted in the economic evidence review, we did not identify studies on cochlear implants in 
single-sided deafness to compare our results with. Two studies on bone-anchored hearing aids 
(active percutaneous devices) examined cost-effectiveness in populations with single-sided 
deafness and with conductive or mixed hearing loss, with conflicting conclusions.49,62 We were 
also unable to compare our results to other health technology assessments. The National 
Health Service assessment in 2016 did not identify any cost-effectiveness studies on active or 
passive transcutaneous bone-conduction implants or middle ear implants.31 The University of 
Alberta was unable to conduct a primary economic evaluation on middle ear implants.47  

Impact of Model Inputs for Health-Related Quality of Life  

Changes in generic health-related quality of life associated with a hearing implant were the main 
driver of the cost-effectiveness results in all three economic models. Results were not as 
sensitive to rates of complications and of device non-use. Even in scenario analyses using 
higher rates of complication derived from various types of bone-conduction implant (i.e., active 
percutaneous devices), cost-effectiveness results did not qualitatively change. Given the 
importance of changes to health utilities in our results, we elaborate below on the data sources. 
Note that a mean difference in health utilities of more than 0.03 in the HUI score is considered 
clinically relevant.98 
 

• Model 1—The mean difference in health utilities of 0.24 used in the reference case is 
considered very high. This model input was based on data from 11 individuals at a single 
centre in Germany, measured at baseline and 6 months after cochlear implant fitting.99 
Despite it’s small sample size, this was the only study identified in our systematic search 
for quality of life data associated with cochlear implants in single-sided deafness. No 
Ontario-specific data were available, unlike for the other two models. The reference case 
ICER was very favourable to cochlear implants, at $17,783 to 18,148 per QALY. In a 
scenario analysis, we used utilities obtained using the time trade-off technique, from a 
poster presentation. Under the reported mean difference of 0.050, the ICER may still be 
favourable, although more expensive, at $54,083 to 55,655 per QALY. 

• Model 2—The Ontario Cochlear Implant Program had HUI3 data available for bone-
conduction implants in single-sided deafness (mean difference of 0.01 at 12 months, 
which we assumed remained constant onward). The reference case ICER was not 
favourable to bone-conduction implants for single-sided deafness, at $402,899 to 
408,350 per QALY. In scenario analysis for adults and children, we used a utility gain of 
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0.11 derived from the same German study described above.99 Arndt et al99 measured 
health utilities in adults before any intervention and after an unspecified duration of 
testing with a bone-conduction hearing aid (i.e., Softband/tension clamp often used in a 
trial period prior to proceeding with an implantation). The utility gain appears very high, 
especially for an intervention that is not an implant but a bone-conduction hearing aid 
used to imitate an implant in testing. The scenario analysis ICERs became favourable at 
$42,322 to 43,842 per QALY, qualitatively changing the results of the analysis. This 
shows a great need for further research into health-related quality of life for this 
intervention, particularly in children, to reduce the uncertainty around its true health 
impact for specific populations.  

• Model 3—The Ontario Cochlear Implant Program had HUI3 data available for bone-
conduction implants in conductive and mixed hearing loss (mean difference of 0.04 at  
12 months, which we assumed remained constant onward). The reference case ICERs, 
on average, were favourable to bone-conduction implants, at $74,155 to $87,580 per 
QALY. However, there was significant uncertainty in the results, driven by uncertainty in 
the quality of life data. This can, in part, be attributed to the small sample size of the 
Ontario data. The scenario analysis used a mean difference of 0.09 derived from active 
percutaneous devices.62 Monksfield et al62 measured baseline utilities around 2 to  
4 months after surgery and after 3 to 6 months of using the device at a single centre in 
the United Kingdom (n = 70). The scenario analysis ICERs became more favourable to 
bone-conduction devices, at $28,818 to $34,054 per QALY. The uncertainty was also 
reduced when using the utilities from this study.  

 
Despite wide fluctuation in our results, our clinical review found that implants improved quality of 
life when measured by disease-specific quality-of-life tools. However, converting these 
measures to utilities is controversial, and mapping algorithms are not currently available. Thus, 
we used generic health-related quality-of-life measures, which may not be as sensitive as 
changes in hearing. Given the challenges involved in capturing quality-of-life benefits in this 
population, our results should be considered along with all clinical outcomes (including those we 
were unable to incorporate into the model). 
 

Additional Limitations and Strengths 

There are several additional limitations to our study. The scope of the health technology 
assessment was broad, examining two classes of intervention (cochlear implants and bone-
conduction implants) for three populations (single-sided deafness, conductive hearing loss, and 
mixed hearing loss). We considered all types of bone-conduction implants (i.e., active 
transcutaneous, active percutaneous, passive transcutaneous devices, middle ear implants) as 
a single device class. An alternate approach would be to build a separate economic model for 
each type of device. However, we were limited by the availability of research in the peer-
reviewed literature and would unlikely have sufficient data to populate each economic model 
with device-specific parameters (i.e., health utilities, device non-use, complications). For 
instance, our systematic search found no studies of heath utilities associated with active and 
passive transcutaneous devices. For these reasons, our reference analysis for research 
questions 2 and 3 used data from Ontario adults. In sensitivity analyses, we varied parameters 
based on other types of bone-conduction implants.  
 
In our analysis, we assumed people either used their hearing implant devices over the entire 
model time horizon or stopped at some point and remained a non-user. In actuality, people may 
use their device for parts of the day, or some days of the week, or stop using their device for 
years and then use it again. We were unable to estimate the utility gains associated with regular 
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use versus partial use because the primary studies reported health utilities for samples with a 
hearing implant in general, not broken down by usage.  
 
The quality of our analysis is dependent on the availability and quality of the literature from 
which we drew many of our model parameters. For instance, we did not identify any applicable 
quality-of-life studies in children; hence, we had to assume their health state utility and benefit 
after receiving an implant were the same as for adults, butt is unclear whether these populations 
would gain similar benefit from hearing implants. In addition, as noted above, the primary clinical 
studies on generic health-related quality of life had fairly small sample sizes, which would be 
prone to being influenced by data outliers. This contributed to the large amount of uncertainty in 
models 2 and 3. Note that the baseline health utilities (without an implant) varied widely from 
one source to another. In some cases, the upper range of baseline health utility approached 1 
(perfect health). This produces a ceiling effect, whereby potential benefits due to a hearing 
implant may not be realized, as the health utility could not exceed 1 in our model. Device non-
use provides another example of outlier effects in small sample sizes. In particular, the 
probability of non-use in children was 11% over 7.7 months.89 This very high rate is an artefact 
of having 1 non-user among 9 children over a short follow-up time. To partially address this 
problem, we did not extrapolate non-use beyond the follow-up period (which was as short at  
7.7 months) in the reference case, and we extrapolated the risk of non-use over the entire time 
horizon in scenario analysis.  
 
In addition, the primary clinical studies on bone-conduction implants that we identified did not 
have very long follow-up. The adult reference cases in models 2 and 3 were predominantly 
based on active transcutaneous devices because these are commonly used in Ontario today. 
Due to the short follow-up in the relevant studies, however, we had to extrapolate data over the 
long-term in our analyses. For instance, major complications were extrapolated to 10 years from 
follow-up of 12 months or less.43 This assumes that the risk of complications does not increase 
or decrease after the 12 months. Our results could be underestimated if complications 
increased or overestimated if complications decreased after the follow-up period. To partially 
address this issue for minor complications, the reference case for models 2 and 3 assumed the 
risk of minor complications dropped to zero after 1 year. 
  
Our analysis used two perspectives of relevance: that of the Ministry of Health and a broader 

public payer perspective that added costs borne by the Ministries of Community and Social 

Services, Child and Youth Services, and Education. These perspectives do not incorporate 

indirect costs associated with productivity loss for adults and educational outcomes for children. 

Nor do they incorporate out-of-pocket costs for individuals such as travel to clinic. Information 

on indirect costs from Canadian sources is limited.  

In the model, we assumed there were no direct costs associated with the comparator arm (i.e., 

no hearing implants). This is a conservative assumption, in line with the Ontario Cochlear 

Implant Program candidacy criteria, which is specific to people who do not benefit from 

conventional hearing aids or who have a condition (i.e., chronically draining ears, narrow/no ear 

canal) that precludes wearing them. If the comparator arm had associated costs, such as from 

using hearing aids, then the difference in costs between the intervention arm and comparator 

arm would be smaller. Consequently, the ICER estimate would also be smaller, showing more 

favourable cost-effectiveness results for hearing implants.  

There are several strengths to this analysis. Firstly, model parameters were specific to Ontario 
wherever possible (namely, costs, health utilities, and patient demographics) to support funding 
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recommendations in the province. Note that generalizability outside of Ontario may be limited. 
Secondly, we considered numerous parameter and methodological uncertainties. Our results 
remained generally robust across most scenarios. We noted that changes in health-related 
quality of life associated with a hearing implant were very important to the cost-effectiveness 
results. Thirdly, study methodology was based on consultations with stakeholders including 
clinical experts, manufacturers, and the Ontario Ministry of Health. 
 

Conclusions 

Among people with single-sided deafness, cochlear implants may be cost-effective compared 
with no intervention, but bone-conduction implants are unlikely to be. Among people with 
conductive or mixed hearing loss, bone-conduction implants may be cost-effective compared 
with no intervention. Results are mainly driven by changes in health utilities associated with 
having a hearing implant. Hence, further research on health utilities in this population is 
warranted with larger sample sizes and longer follow-up. 
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BUDGET IMPACT ANALYSIS 

Research Questions 

From the perspective of the Ontario Ministry of Health, we asked the following questions: 
 

1. What is the potential budget impact in Ontario of publicly funding cochlear implants in 
adults and children with single-sided deafness? 

2. What is the potential budget impact in Ontario of publicly funding bone-conduction 
implants in adults and children with single-sided deafness? 

3. What is the potential budget impact in Ontario of publicly funding bone-conduction 
implants in adults and children with conductive or mixed hearing loss? 

 

Methods 

Analytic Framework 

The budget impact of hearing implants (cochlear implants and bone-conduction implants) was 
estimated as the cost difference between two scenarios: current clinical practice without public 
funding for hearing implants (the current scenario), and the anticipated clinical practice with 
public funding for hearing implants (the new scenarios). Figure 10 shows the model schematic 
for this budget impact analysis.  
  
We conducted a reference case analysis and sensitivity analyses. Our reference case analysis 
represents the analysis with the most likely set of input parameters and model assumptions. In 
sensitivity analyses we explore how the results are affected by varying input parameters and 
model assumptions.  
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Figure 10: Budget Impact Analysis Framework 

 
 

Key Assumptions 

• There are no direct medical costs for people who do not have a hearing implant 

• Currently, hospitals pay 100% of the cochlear implant costs for children, through global 
budgets. Research funding pays 100% of cochlear implants in adults (which we 
assumed was neither a cost to the hospital nor the Ministry of Health). In the new 
scenarios, the Ministry of Health will pay the full implant cost through targeted public 
funding  

• Currently, hospitals pay for 60% of the bone-conduction implant costs through hospital 
global budgets while individuals pay out-of-pocket for 40% of the device cost in the adult 
population. For children, hospitals pay for 100% of the bone-conduction implant costs 
through global budgets. In the new scenarios, the Ministry of Health will pay for the full 
implant cost in both adults and children through targeted public funding  

Size of the target population (adults and children with single-sided deafness (research 
question 1 and 2) or conductive or mixed hearing loss (research question 3) 

Distribution of treatment strategies without 
public funding for hearing implants 

Distribution of treatment strategies with 
public funding of hearing implants 

Resource use of treatment strategies 
(i.e., unaided and hearing implants) 

Resource use of treatment strategies 
(i.e., unaided and hearing implants) 

 

Total cost of different treatment 
strategies 

Total cost of different treatment 
strategies 

 

Budget impact (difference in costs 
between current and new scenarios) 

Current Scenario New Scenarios 
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• We assume patients attend all scheduled health care visits before and after their 
implantation procedure 

• We do not distinguish between manufacturers. Cochlear implants are considered as a 
device class. Bone-conduction implants are also considered as a device class 

• Hearing loss and hearing implants do not affect disease-specific mortality 

• All individuals receive one hearing implant, whether they have unilateral or bilateral 
hearing loss 

 

Target Population 

The target populations were adults and children with single-sided deafness (research questions 
1 and 2) or conductive or mixed hearing loss (research question 3). Further, they were people 
who do not benefit from conventional hearing aids or who have a condition (i.e., chronically 
draining ears, narrow or no ear canal) that precludes wearing them. Hence, an implant is 
warranted.  
 
For the population with single-sided deafness, people were eligible for a cochlear implant 
(research question 1) or, if their condition was not suitable for a cochlear implant, they would be 
offered an appropriate bone-conduction implant—active transcutaneous or active percutaneous 
devices (research question 2). For the population with conductive or mixed hearing loss, people 
were eligible for any type of bone-conduction implant (i.e., active transcutaneous, active 
percutaneous, passive transcutaneous, and middle ear implants) (research question 3).  
 

Current Intervention Mix 

Currently, through the Ontario Cochlear Implant Program, four implant centres in Ontario 
receive fixed volume-based funding from the Ontario Ministry of Health to provide cochlear 
implants to people with bilateral sensorineural hearing loss. Through this funding, adults  
(n = 270, annually) currently receive one cochlear implant and children (n = 98, annually) 
receive two implants.  
 

Currently, Ontario does not provide targeted public funding for hearing implants for people with 
single-sided deafness and conductive or mixed hearing loss. However, in these populations, 
some hospitals have made hearing implants available to a limited extent through research 
funding or through their global budgets, which are provided by the Ministry of Health.  
 
More specifically, a limited number of adults with single-sided deafness have received cochlear 
implants through research funding (written communication, Joseph Chen, MD, May 25, 2018). 
Thus, the Ministry is currently not funding cochlear implants, directly or indirectly, for adults with 
single-sided deafness. For children with single-sided deafness, cochlear implants have been 
funded through hospital global budgets (n = 8 per year for Ontario residents) (in-person 
communication, Blake Papsin, MD; Sharon Cushing, MD; and Vicky Papaioannou, M.Cl.Sc, 
April 11, 2018; written communication, Karen Gordon, PhD, June 22, 2018).  
 
Implant centres have capped bone-conduction implants for adults at 10 implants per year. 
Based on clinical consultations, we assumed 20% of these implants were for single-sided 
deafness (n = 2) and 80% were for conductive or mixed hearing loss (n = 8) (written 
communication, Joseph Chen, MD, May 25, 2018). As noted, hospitals pay for 60% of the 
device cost (internal and external components) for adults, and individuals pay out of pocket for 
the remaining 40% (e.g., for a $25,000 device, patients would pay about $10,000) (written 
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communication, Joseph Chen, MD, May 25, 2018). Implant centres have paid for a total of  
10 bone-conduction implantations each year for children with single-sided deafness (1 implant) 
and conductive or mixed hearing loss (9 implants) (in-person communication, Blake Papsin, 
MD; Sharon Cushing, MD; and Vicky Papaioannou, M.Cl.Sc, April 11, 2018). No copayments 
are required for children; hospitals pay the full cost. 
 
Cochlear implantation can only be performed at one of four implant centres in Ontario, whereas 
bone-conduction implantation can also be performed at community hospitals. To our knowledge, 
only one community hospital is currently implanting active percutaneous devices, using hospital 
funding (N = 10 adults per year for conductive or mixed hearing loss) (written communication, 
Joseph Chen, MD, May 25, 2018). 
 
For the current scenario in the budget impact analysis, we assumed that, without targeted public 
funding, the situation described above would continue over the next 5 years. In summary, each 
year 8 people would receive a cochlear implant for single-sided deafness, 3 people would 
receive a bone-conduction implant for single-sided deafness, and 27 people would receive a 
bone-conduction implant for conductive or mixed hearing loss (Table 32).  
 
Table 32: Current Scenario (Without Public Funding): Number of Hearing Implants Each Year,  

by Indication 

Years 1 to 5 

Single-Sided Deafness Conductive/Mixed Hearing Loss 

Cochlear Implant 

Bone-Conduction 
Implant at Implant 

Centre 

Bone-Conduction 
Implant at Implant 

Centre 

Bone-Conduction 
Implant at Community 

Hospital 

Adults, N 0a 2b 8b 10 

Children, N 8 1 9 0 

Total, N 8 3 27 
aAssumes that all cochlear implants in adults with single-sided deafness are paid for through research funding and, therefore, the costs are not borne 
by the Ministry of Health.  
aAssumes that 20% of bone-conduction implants were for single-sided deafness (n = 2) and 80% were for conductive or mixed hearing loss (n = 8). 

 
 

Future Intervention Mix—New Scenario 1 (Same Increase for Adults 
and Children) 

Given public funding, the Ontario Cochlear Implant Program projected their new implant 
volumes for single-sided deafness and conductive or mixed hearing loss as a percentage of the 
current total volumes funded for bilateral sensorineural hearing loss for the first 3 years. Those 
projections used the same percentage for adults and children, and we used that increase as the 
basis for our first new scenario.  
 
Table 33 shows the number of hearing implants projected in new scenario 1. The Ontario 
Cochlear Implant Program plans to fund 24 cochlear implants per year for people with single-
sided deafness. This represents approximately 6% of the total currently funded cochlear implant 
volumes (N = 368 patients).  
 
As shown in Table 33, the additional projected volume of bone-conduction implants (n = 57) 
represents approximately 15% of the total cochlear implant volumes in bilateral sensorineural 
hearing loss (N = 368 patients), assuming 20% would continue to be for single-sided deafness 
(n = 11 people) and 80% would be for conductive or mixed hearing loss (n = 46 people). For the 
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community hospital performing bone-conduction implants, we assumed a 15% increase to their 
current volumes for conductive or mixed hearing loss (n = 1 additional to the current 10 bone-
conduction implants).  
 
For years 4 and 5, the Ontario Cochlear Implant Program projected a one-time 10% increase to 
the volumes for years 1 to 3. These projections are consistent with how the Ministry has 
historically funded the implant centres: constant volumes for three years before reassessing for 
additional volumes for the next several years. 
 
Table 33: New Scenario 1 (With Public Funding): Number of People to Receive a Hearing Implant 

Each Year, by Indication 

Years 1 to 3 

Single-Sided Deafness Conductive/Mixed Hearing Loss 

Cochlear Implants 
(6% of Current Totala) 

Bone-Conduction 
Implants at Implant 

Centres (15% of Current 
Totalb) 

Bone-Conduction 
Implants at Implant 

Centres (15% of Current 
Totalc) 

Bone-Conduction 
Implants at Community 
Hospital (15% Increased) 

Adults, n 16 8 33 11 

Children, ne 8 3 13 0 

Total, N 24 11 46 11 

Years 4 to 5 
Cochlear Implants 

(10% of New Volumef) 

Bone-Conduction 
Implants (10% of New 

Volumef) 

Bone-Conduction 
Implants (10% of New 

Volumef) 

Bone-Conduction 
Implants (10% of New 

Volumef) 

Adults, n 18 9 36 12 

Children, n 9 4 14 0 

Total, N 27 13 50 12 
aNew volumes are derived from taking approximately 6% of current total volumes at implant centres for bilateral sensorineural hearing loss.  
bNew volumes are derived from taking approximately 15% of current total volumes at implant centres for bilateral sensorineural hearing loss, then assuming 
20% of the bone-conduction implants are for single-sided deafness. 
cNew volumes at implant centres are derived from taking approximately 15% of current total volumes for bilateral sensorineural hearing loss, then assuming 
80% of the bone-conduction implants are for conductive or mixed hearing loss.  
dNew volumes at community hospital are derived by assuming approximately 15% increase to current volume of bone-conduction implants (N = 10 adults).  
eVolumes for children may appear incorrect due to rounding and a cushioning added to handle a surge after public funding. 
fVolumes for years 4 to 5 are derived by assuming a 10% increase to the volumes for years 1 to 3. 

 
 

Future Intervention Mix—New Scenario 2 (Differential Increase for 
Adults and Children) 

In new scenario 2, we calculated the new adult volumes by applying the same percentages as 
in new scenario 1. For new volumes in children, we did not apply the same formula but instead 
consulted with experts to project new volumes: 13 children requiring cochlear implants and 20 
children requiring bone-conduction implants (where 20% were for single-sided deafness and 
80% were for conductive or mixed hearing loss) (in-person communication, Blake Papsin, MD; 
Sharon Cushing, MD; and Vicky Papaioannou, M.Cl.Sc, April 11, 2018). After 3 years, we 
assumed a 10% increase to these new volumes, similar to new scenario 1. Table 34 shows 
projected volumes in new scenario 2. 
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Table 34: New Scenario 2 (With Public Funding): Number of Hearing Implants Each Year,  
by Indication 

Years 1 to 3 

Single-Sided Deafness Conductive/Mixed Hearing Loss 

Cochlear Implants 

Bone-Conduction 
Implants at Implant 

Centre 

Bone-Conduction 
Implants at Implant 

Centre 

Bone-Conduction 
Implants at Community 

Hospital 

Adults, n 16 8 33 11 

Children, n 13a 4a 16a 0 

Total, N 29 12 49 11 

Years 4 to 5 

Cochlear Implants 
(10% of New 

Volumeb) 

Bone-Conduction 
Implants (10% of New 

Volumeb) 

Bone-Conduction 
Implants (10% of New 

Volumeb) 

Bone-Conduction 
Implants (10% of New 

Volumeb) 

Adults, n 18 9 36 12 

Children, n 14a 5a 18a 0 

Total, N 32 14 54 12 
aProjections in children different from new scenario 1  
bVolumes for years 4 to 5 are derived by assuming a 10% increase to the volumes for years 1 to 3. 

 
 

Resources and Costs  

This analysis included direct health care costs to the Ministry of Health, either billed directly to 
the Ministry or indirectly through hospital global budgets. Annual undiscounted costs for adults 
and children were extracted from our primary economic evaluations. As noted, without targeted 
public funding, the device cost is currently paid for in part or in full by hospital budgets. Also as 
noted, we assumed 40% of the bone-conduction device costs in adults are paid for out-of-
pocket by individuals. We assumed no out-of-pocket costs for bone-conduction implants in 
children, or for cochlear implants in adults and children. Given targeted public funding, we 
assumed the Ministry of Health would pay the full device cost (i.e., internal component and initial 
sound processor). We assume most non-device costs (i.e., physician fees, assessments, 
operating and complication costs) would be covered by the Ministry directly or through hospital 
global budgets. We excluded costs related to rehabilitation and the sound processor that would 
be paid for through ministries other than the Ministry of Health (i.e., for patients with a low 
income).  
 
All costs are reported in 2018 Canadian dollars. When 2018 costs were not available, we used 
the health care component of the Statistics Canada Consumer Price Index was used to adjust 
costs.101 Appendix 8, Table A13, shows annual per-patient costs.  
 

Analysis 

In the reference case analysis, we calculated the required budget to publicly fund hearing 
implants in adults and children with single-sided deafness, and conductive/mixed hearing loss in 
Ontario. To do so, we extracted costs of hearing implants from the primary economic 
evaluations (for adults and children). Costs were multiplied by the projected volumes. We 
calculated the net budget impact as the cost difference between our new scenarios (public 
funding for hearing implants) and the current scenario (no public funding for hearing implants).  
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Results  

Table 35 to Table 37 show the total and net budget impacts for the various scenarios over a  
5-year projection. Publicly funding cochlear implants for people with single-sided deafness 
would result in an estimated additional budget of $2.8 million to $3.6 million. Publicly funding 
bone-conduction implants would result in an estimated additional budget of $0.8 million in 
single-sided deafness, and an additional $3.1 million to $3.3 million in conductive or mixed 
hearing loss. In total, funding both hearing types of implants for the two types of hearing loss 
over 5 years would result in an estimated additional budget of $6.7 million to $7.8 million. 
 
Table 35: Results of Budget Impact Analysis for Adults and Children With Single-Sided Deafness 

Receiving a Cochlear Implant 

Scenario 

Total Cost to Ministry, $, Millionsa  

Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Total budget impact 

Current scenario 0.260 0.264 0.267 0.269 0.271 1.331 

New scenario 1b 0.776 0.784 0.791 0.893 0.901 4.144 

New scenario 2c 0.939 0.949 0.957 1.061 1.070 4.977 

Net budget impact 

New scenario 1 – Current scenario 0.515 0.520 0.524 0.624 0.630 2.813 

New scenario 2 – Current scenario 0.678 0.685 0.691 0.793 0.799 3.645 

Notes: All costs are reported in 2018 Canadian dollars. 
aNumbers may appear off due to rounding.  
bNew scenario 1 assumes implants for adults and children will increase by the same percentage, given public funding (see Table 33 for details). 
cNew scenario 2 assumes implants for adults and children will increase differently, given public funding (see Table 34 for details). 

 
 
Table 36: Results of Budget Impact Analysis for Adults and Children With Single-Sided Deafness 

Receiving a Bone-Conduction Implant 

Scenario 

Total Cost to Ministry, $, Millionsa 

Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Total budget impact 

Current scenario 0.038 0.038 0.039 0.040 0.049 0.204 

New scenario 1b 0.172 0.174 0.176 0.208 0.243 0.974 

New scenario 2c 0.186 0.189 0.191 0.224 0.262 1.052 

Net budget impact 

New scenario 1 – Current scenario 0.134 0.136 0.137 0.169 0.194 0.770 

New scenario 2 – Current scenario 0.148 0.150 0.152 0.184 0.213 0.849 

Note: All costs are reported in 2018 Canadian dollars. 
aNumbers may appear off due to rounding.  
bNew scenario 1 assumes implants for adults and children will increase by the same percentage, given public funding (see Table 33 for details). 
cNew scenario 2 assumes implants for adults and children will increase differently, given public funding (see Table 34 for details). 
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Table 37: Results of Budget Impact Analysis for Adults and Children With Conductive/Mixed 
Hearing Loss Receiving a Bone-Conduction Implant 

Scenario 

Total Cost to Ministry, $, Millionsa 

Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Total budget impact 

Current scenario 0.339 0.344 0.349 0.353 0.431 1.817 

New scenario 1b 0.894 0.904 0.912 0.999 1.166 4.875 

New scenario 2c 0.937 0.948 0.957 1.059 1.234 5.135 

Net budget impact 

New scenario 1 – Current scenario 0.555 0.559 0.563 0.645 0.735 3.058 

New scenario 2 – Current scenario 0.598 0.603 0.608 0.706 0.803 3.318 

Note: All costs are reported in 2018 Canadian dollars. 
aNumbers may appear off due to rounding.  
bNew scenario 1 assumes implants for adults and children will increase by the same percentage, given public funding (see Table 33 for details). 
cNew scenario 2 assumes implants for adults and children will increase differently, given public funding (see Table 34 for details). 

 
 

Discussion 

The net budget impact for Ontario’s Ministry of Health to provide targeted public funding of 
hearing implants for people with single-sided deafness and conductive or mixed hearing loss, all 
told, is projected to range between $6.7 million and $7.8 million over 5 years. Specifically, 
funding cochlear implants in single-sided deafness may cost $2.8 million to $3.6 million more, 
compared to current public costs; funding bone-conduction implants in the same population may 
cost an additional $0.8 million; and funding bone-conduction implants in conductive or mixed 
hearing loss may cost $3.1 million to $3.3 million more, over current funding. 
  
Given the small target populations, the total 5-year budget impact (total costs, not just the 
additional costs) would be relatively small, ranging from $10.0 million to $11.2 million, across 
the three research questions and two scenarios.  
 
We projected volumes using data from the Ontario Cochlear Implant Program and applied the 
same formula the program plans to use if targeted public funding is provided (i.e., basing new 
volumes on a percentage of the current total volumes for bilateral sensorineural hearing loss). 
We did not derive new volumes using a burden of disease approach (i.e., starting with the total 
number of people with single-sided deafness and conductive or mixed hearing loss in the 
province, eligible for a hearing implant). Prevalence data on hearing loss in Canada are lacking. 
Statistics Canada has prevalence data on sensorineural hearing loss only, but not specific to 
single-sided deafness or conductive or mixed hearing loss.66 We were unable to identify public 
reports on prevalence from the Canadian Institute for Health Information or other sources. While 
there may be more people with hearing loss eligible for implantation in Ontario, the increases 
projected by the Ontario Cochlear Implant Program are based on patients who have exhausted 
other options for implantation. If hearing implants were to be offered to a broader range of 
patients, we could expect a much higher budget impact.  
 
There are several limitations to this analysis. Unlike the primary economic evaluations which 
modelled costs probabilistically (i.e., more than 10,000 simulations), costs for the budget impact 
analyses were modelled deterministically, and therefore did not capture parameter uncertainty. 
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The same limitations discussed in the primary economic evaluation apply to the budget impact 
analysis, such as the short follow-up time and small sample sizes of primary studies used to 
inform the risk of complications and the risk of device non-use.  
 
There are also several strengths to this analysis. We explored different scenarios for the 
projected volumes over the next 5 years: first, based on current volumes of cochlear implants in 
bilateral sensorineural hearing loss; second, based on expert opinion. In addition, the  
per-patient costs were derived from our primary economic evaluations, which capture 
background mortality, clinical events, and disability. The per-patient costs were predominantly 
from Ontario-specific data sources. While this may limit generalizability outside of Ontario, our 
work supports funding recommendations in the province.  
 

Conclusions 

For people with single-sided deafness, publicly funding cochlear implants would result in an 
estimated new cost of $2.8 million to $3.6 million over the next 5 years, and an additional  
$0.8 million would be required for bone-conduction implants for this population. For people with 
conductive or mixed hearing loss, publicly funding bone-conduction implants would cost an 
estimated additional $3.1 million to $3.3 million over the next 5 years. 
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PATIENT PREFERENCES AND VALUES   

Objective  

The objective of this analysis was to explore the underlying values, needs, preferences, and 
priorities of those who have lived experience with single-sided deafness and conductive or 
mixed hearing loss. The treatment focus was cochlear implants and bone-conduction implants. 

 

Background  

Patient, caregiver, and public engagement provides a unique source of information about 
people’s experiences of a health condition and the health technologies or interventions used to 
manage or treat that health condition. This information includes the impact of the condition and 
its treatment on the patient, the patient’s family and other caregivers, and the patient’s personal 
environment. Engagement also provides insights into how a health condition is managed by the 
province’s health system.  
  
Information shared from lived experience can also identify gaps or limitations in published 
research (e.g., outcomes important to those with lived experience that are not reflected in the 
literature).108-110 Additionally, lived experience can provide information and perspectives on the 
ethical and social values implications of health technologies or interventions.  
  
Because the needs, priorities, preferences, and values of those with lived experience in Ontario 
are not often adequately explored in published literature, we contact and speak directly with 
people who live with a given health condition, including those who may have experience with 
the intervention we are exploring.  
 

Methods  

Engagement Plan  

The engagement plan for this health technology assessment focused on consultation to 
examine the experiences of people with single-sided deafness and conductive or mixed hearing 
loss and those of their caregivers.111 We focused particularly on their perceptions 
and experiences of using devices to improve their hearing. We engaged people via face-to-face 
and telephone interviews.  
  
We used a qualitative interview, as this method of engagement allowed us to explore the 
meaning of central themes in the experiences of people with single-sided deafness and 
conductive or mixed hearing loss, as well as those of their families and caregivers. Our main 
task in interviewing is to understand what people tell us and to gain an understanding of the 
meaning of their experiences.112 The sensitive nature of exploring people’s experiences of a 
health condition and their quality of life are other factors that support our choice of an interview 
methodology.  
  

Participant Outreach  

We used an approach called purposive sampling,113-116 which involves actively reaching out to 
patients, families, and caregivers with direct experience of the health condition and health 
technology or intervention being reviewed. We contacted more than 30 clinicians, organizations, 
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and groups affiliated with single-sided deafness and conductive or mixed hearing loss to spread 
the word about this engagement opportunity.  
  

Inclusion Criteria  

We sought to speak with people and caregivers who have been actively managing single-sided 
deafness and conductive or mixed hearing loss by using implantable devices.  
  

Exclusion Criteria  

We did not set specific exclusion criteria.  
  

Participants  

For this project, we spoke with 20 people living in Ontario with single-sided deafness, 
conductive hearing loss, or mixed hearing loss, as well as two parents of children over 5 years 
old with one of these types of hearing loss.  
 
Of the 22 participants, 18 had received or were caring for someone who had received a 
cochlear implant or bone-conduction implant to treat their hearing loss. Both types of devices 
have a component that is surgically implanted. People who, for various reasons, cannot benefit 
from externally worn hearing aids may be offered an implantable device: people with single-
sided deafness may benefit from a cochlear implant or a bone-conduction device, and bone-
conduction implants may also be appropriate for people with conductive or mixed hearing loss.  
 
The remaining participants had experience of considering an implantable device to treat their 
hearing loss. Participants varied in their socioeconomic background, place of residence, and 
gender and language preferences.  

 

Approach  

At the beginning of the interview, we explained the role of our organization, the purpose of the 
health technology assessment, the risks of participation, and how participants’ personal health 
information would be protected. We gave this information to participants both verbally and in a 
printed letter of information (Appendix 9). We then obtained participants’ verbal consent before 
starting the interview. With participants’ consent, we audio-recorded and then transcribed the 
interviews.  
  
Interviews lasted approximately 20 to 40 minutes. The interview was loosely structured and 
consisted of a series of open-ended questions. Questions were based on a list developed by 
the Health Technology Assessment International Interest Group on Patient and Citizen 
Involvement in Health Technology Assessment.117 Questions focused on the impact of hearing 
loss on patients’ and families’ quality of life, and their perceptions of the benefits or limitations of 
implantable devices. See Appendix 10 for our interview guide.  
  

Data Extraction and Analysis  

We used a modified version of a grounded-theory methodology to analyze interview transcripts. 
The grounded-theory approach allowed us to organize and compare information on experiences 
across participants. This method consists of a repetitive process of obtaining, documenting, and 
analyzing responses while simultaneously collecting, analyzing, and comparing 
information.118,119 We used the qualitative data analysis software program NVivo (QSR 
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International, Doncaster, Victoria, Australia) to identify and interpret patterns in the interview 
data. The patterns we identified allowed us to highlight the impact of single-sided deafness and 
conductive or mixed hearing loss on the patients, family members, and caregivers we 
interviewed.  
  

Results  

Summary 

During the interviews, people with single-sided deafness or conductive or mixed hearing 
loss and their family members emphasized the struggle of living with hearing loss. People with 
experience of a cochlear implant or a bone-conduction implant were able to compare the impact 
of these devices with other currently available treatments.  
 
People who had received an implantable device expressed the positive impact it has made in 
their lives, particularly in communicating with others. However, they also described certain 
limitations of these devices, and some barriers make it difficult for people to receive one.  
  

Day-to-Day Impact of Hearing Loss  

Participants noted the immense impact that hearing loss has on their day-to-day lives. Most 
interviewees discussed struggles with their ability to effectively communicate and to work, enjoy 
life, and stay safe in their surroundings. Some people noted that they had coexisting health 
conditions, including chronic pain and multiple disabilities, which also affected their quality of life 
and the type of treatments they sought for hearing loss.  

Participants recalled the time in their lives when they started experiencing hearing loss. For 
some, the loss was gradual; others noted a sudden loss. For both groups, the impacts were 
physical, psychological, social, and financial. 

Physical Impact 

People who had experienced gradual hearing loss reported that they often found themselves 
asking others to repeat things. With sudden hearing loss, participants described it as “someone 
had turned down the volume of the radio” or “my ear was plugged.” Hearing loss led to a 
decreased awareness of their surroundings. People spoke of feeling that there was a “dead 
zone” on the affected side. 

It’s funny how your awareness is gone when you can’t hear movement, like there's—it’s 
like a dead zone; there's just nothing there.  

People with single-sided deafness reported the difficulty of positioning themselves physically to 
maximize their ability to hear. They struggled in noisy places such as restaurants where they 
could not differentiate between the sound of interest and other sounds. 

Like, I would not position myself on the far end of the table so that my ear was facing the 
opposite direction. If I was sitting in a room, I would corner myself so that no one could 
go on my right side or anything like that.  

A few participants with single-sided deafness associated the onset of their hearing loss with viral 
infections or the onset of Meniere disease, as they experienced symptoms of vertigo, tinnitus, 
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vomiting, dizziness, and balance issues. Others were unable to pinpoint the reason for their 
hearing loss. One participant noted, “In my situation literally [I] just kind of woke up one morning 
and literally couldn’t hear out of my one ear.”  

Symptoms of Meniere disease had a substantial effect on their daily functioning and ability to 
complete simple tasks such as getting out of bed or enjoy activities such as playing sports.  

For me, and I know it doesn’t necessarily happen to everyone, the tinnitus … was a big 
issue for myself. I know for some people thinking sometimes when you go deaf that 
there's just silence. For me there was some significant, significant ringing, so much to 
the point that at times, when the ringing would get really bad, it would almost overpower 
any hearing out of my good ear as well. Like that was the only thing I could hear in my 
head was that ringing.  

Now the dizziness, fortunately, the vertigo did subside with the pills. I know for some 
people that does continue on. For me after the first maybe three or four weeks that 
dizziness stuff—it was usually more times if I would get up really quick … But getting up 
fairly quickly or leaning backwards or anything like that sometimes would trigger some 
dizziness with the system. But I never used to experience kind of before. 

People with conductive hearing loss experienced needing medical treatment for ear infections, 
ear drum perforations, and fluid in the ear canal. These physical difficulties affected their 
hearing function and quality of life.  
 

Psychological Impact 

A few participants reported mental health issues such as anxiety and depression, which they 
associated with their hearing loss. People with sudden hearing loss noted it was devastating 
and life changing. They also shared feelings of anger, shock, and fear. People with gradual 
hearing loss said they felt frustrated and depressed without proper hearing. 

Having perfect hearing in both ears and then having to cope with one gone, it’s—for lack 
of better term—it’s absolutely devastating and life changing. 

The longer I am going without hearing … the more frustrating and depressing it is. 

I know as far as going through different emotions—anger, depression—absolutely … But 
I think there was probably for me, I think anger issues was probably a little bit bigger … 
It's … a combination of a few things in regards to stress, anger, slight depression … 

Most participants noted a high level of stress related to the effort of coping with the condition, 
the increased effort of listening, and the resulting fatigue, particularly while they were adapting 
to the hearing loss. 

And the other thing with hearing loss is: hearing loss is enervating. It takes energy to try 
to understand what the other person is saying because you’re always wondering, “Did I 
miss something? Did I misinterpret?” It’s very easy to misinterpret. 

I mean I think overall energy levels, tiredness, and all that sort of stuff all comes and 
plays into a factor. I mean absolutely it's tough … 
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Social Impact 

Most participants reported having difficulty holding intimate conversations and enjoying movies, 
music, or surrounding sounds. The inability to localize sound affected activities they had 
previously enjoyed such as bird watching. There were safety implications to not being able to 
locate sound when it came to crossing a road or walking in a parking lot or on a sidewalk. 

You can't identify the location of the sound … you can’t tell when you hear birds singing, 
you have no idea where it is. I used to be able to pinpoint when [I] hear a robin singing 
and … follow the song and … find the bird. Now I have to do a 360-degree turn looking 
for them. And there's some dangers too. Cars would, like, sneak up on [me], [and I] 
wouldn’t hear them coming … 

You … hear absolutely nothing on that side, and it does become a danger … I 
remember walking in a parking lot … and a car came up behind me, and I didn’t even 
hear it … Or sometimes people … whisper in my ear … you hear nothing. Or if 
somebody is on that right side, you know, you hear nothing, you hear noises, and you 
can't really distinguish where they're coming from. 

… if you're walking on the sidewalk and somebody’s coming up behind you with a bike 
or something, you can't hear that.  

Participants noted a social stigma against people with hearing loss. Most participants had 
experienced being perceived as rude or bossy by strangers or coworkers who did not 
understand their condition.  

I get into depression, I was so isolated in all of that time because you can’t go anywhere. 
Even to grocery shop was scary because if someone’s talking to you, you can’t [pick 
them out] and then they get so mad at you because you’re standing there and your cart 
is probably in their way or something.  

Participants reported that their inability to follow the conversation in social circles made them 
feel withdrawn. They noted withdrawing themselves from events and within events. They 
reported that they progressively stopped socializing and going out with friends and family. This 
impacted their ability to maintain and make new friendships. 

So we'd always go in a restaurant, ask them for the quietest spot in the corner table … I 
finally said, I just want you to know when we're out for dinner, we're not out for dinner. 
You guys are; I'm alone. I can't participate in the conversation because I can't hear you 
guys. 

I didn’t want to be there, I didn’t want to go out to restaurant, as far as still being social 
absolutely, but I wouldn't want to go to a bar for a couple of drinks, I wouldn’t want to go 
to a restaurant with a group of friends because I couldn’t hear. 

The biggest impact, I'd have to say, was when we moved from a place where we had a 
group of friends to Ottawa where we essentially knew nobody, and that's actually when I 
felt that my quality of life went down considerably because I was unable to really get 
involved in conversation and make friends … 
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Parents of children with hearing loss expressed concern about the impact it has on their child 
and the way they communicate with others in their day-to-day lives. 

The bigger challenges for her are around communication … she has limited 
communication skills. She’s very reliant on a combination of sign language and verbal 
skills … People don’t understand also other aspects of hearing loss, such as … needing 
to be clear when you’re speaking to the person, that you need to be facing them … 

Financial Impact 

Participants with single-sided deafness or conductive or mixed hearing loss noted the impact on 
their work and communications with their clients, coworkers and colleagues. They noted 
straining to listen to conversations to properly conduct their work. Participants said that hearing 
loss led them to change how they worked; for some, hearing loss was one of the reasons they 
changed careers.  

The only thing I would say is that, because of the patients that I deal with and because 
we’re talking about some very incredibly serious matters, I'm worried that I will miss part 
of their conversation. So what I end up by doing is, I ask them to send me their 
information in writing. Now, that’s a two-fold reason. One, it tells me whether they’re 
serious or not and, two, is that I can't misinterpret something that they put in writing. 

There were several factors that made me think that perhaps I should get out of private 
practice, veterinary practice; so I made a career change and one of those factors was 
my hearing loss. I felt that with it worsening over time, that I may start missing things 
during physical exams or even listening to clients, which would then impact my ability to 
practice veterinary medicine and potentially even put the lives of my patients at risk.  

Current Treatment Options  

People with single-sided deafness or conductive or mixed hearing loss described being given 
the opportunity to try out different hearing aids to determine whether they would meet their 
needs. Most people interviewed discussed how the various non-implantable options did not 
meet their needs with respect to hearing from both ears, sound localization, hearing in loud 
environments, safety, and self-esteem, and this led them to consider implantable devices.  
 

Single-Sided Deafness: Perspectives on Current Treatment Options 

Participants identified bone-conduction hearing aids worn as headbands and contralateral 
routing of signals (CROS) hearing aids as currently available treatments for people with single-
sided deafness. Some patients noted that their doctors offered them these devices to try for a 
designated time. Some patients were offered these as the only available options, but a few 
patients reported that, if these treatments did not meet their needs, their doctors offered them 
other treatments that were currently not funded.  

They [hearing aids] just make the sound louder that was still not intelligible to me, and so 
it … seemed like CROS was my only option, and had I been a patient that wasn't aware 
of different possibilities through my research and whatnot, then I might have just stopped 
there; and I worry that there are a lot of patients who are in that boat, that they don't 
pursue other options and so they end up with devices that potentially aren’t as beneficial 
for them.  
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Patients who had experience with CROS hearing aids or bone-conduction headbands noted 
that these devices helped them hear better by leveraging the hearing they had left. The bone-
conduction headband was perceived to be better than the CROS hearing aid but still did not 
address the need to localize sound. 

Apparently the hearing aids that I use now work primarily with sound, and they use 
whatever hearing system, whatever I have left over in my ears. All it does is augment 
what I have left over … 

I felt, I think, it [bone-conduction headband] was a little bit better than the CROS hearing 
aid, but I still think that … they were similar ideas as to going back to why I was 
frustrated in the first place with some of the other stuff [directionality] before.  

Conductive or Mixed Hearing Loss: Perspectives on Current Treatment Options 

People with conductive or mixed hearing loss noted that hearing aids and bone-conduction 
headbands leveraged the hearing they currently had but did nothing to recover the remaining 
hearing ability. 

Participants with conductive and mixed hearing loss noted that conventional hearing aids made 
them prone to ear infections. 

… I got a hearing aid in my ear and … I started hearing a little bit. That was nice and 
good but the big problem that I had, after a couple of months using it, it created moisture 
inside and then I started getting a lot of infections …  

Participants with mixed hearing loss noted that wearing hearing aids was a nuisance as putting 
on heavy clothes such as coats, sweaters, and hats made the device make sounds. One 
participant who works with children noted they often pull on her bone-conduction headband, and 
she was concerned it might break. 

I cannot wear coats or heavy sweaters with [a hearing aid]. It makes a lot of sound. 
Bonebridge [a type of bone-conduction implant] lays flat on head.  

Right now, working with children, they grab on the headband. If I can have something 
that is not noticeable, it will be easier to work with children, so they don’t break the 
device. 

Current Treatment Options: Overall Perspectives of Unmet Need 

A few participants noted that CROS hearing aids and bone-conduction headbands were not 
discreet. People noted they were self-conscious when they were wearing these devices.  

I think [the implantable device] will help with self-esteem and appearance. [Going from] 
something that is pretty noticeable to something that can be hid underneath my hair. 
[Current hearing aid] is not meeting my needs. People should feel that they could look 
their best. It helps with their self-esteem. 

People with conductive or mixed hearing loss noted that CROS hearing aids and bone-
conduction headbands did not address the issue of deciphering sounds in noisy areas.  
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I personally was pretty disappointed … I didn’t see much benefit … I used it [CROS] I 
believe for about, I'm trying to remember if it was four weeks or six weeks or exactly how 
long … I personally didn’t see much benefit for it. To me, I kept going back to some of 
the challenges … being in louder situations, being at restaurants … it's like anytime you 
were in a larger space or a louder area, it's the loudest noise was just so overpowering 
and it's just—it didn’t help. It really didn’t help.  

People with single-sided deafness noted they were looking for ways to hear from both ears. 
They reported that binaural (two-sided) hearing would enhance their ability to localize sound, 
perform at work, socialize with friends and family, and stay out of danger. Participants noted that 
simply augmenting the hearing they have left does not address their needs.  

And of course for me I wanted to ... I specifically was interested in a device that would 
provide me with binaural hearing again so that I could hear sound, recognize that 
sounds came from different locations … 

Health Technology Under Review 

Participants were asked for their perspectives on implantable hearing devices. People with 
single-sided deafness were asked to reflect on their experience with cochlear implants and 
bone-conduction implants, and people with conductive or mixed hearing loss shared their 
thoughts on bone-conduction implants.  
 
Participants who had received a bone-conduction implant did not distinguish between active and 
passive devices, but many referred to their implant as BAHA, short for bone-anchored hearing 
aids, or as Bonebridge, a specific device. As outlined in the Background section of this health 
technology assessment, bone-anchored hearing aids have a component that is implanted 
through the skin (percutaneous) and completely under the skin (transcutaneous); with the 
Bonebridge device, the implant remains completely under the skin (transcutaneous). This 
difference is important in understanding the challenges and barriers that participants described 
regarding their bone-conduction implants. 
 

Treatment Decision-Making  

Cochlear Implants 

Some patients noted distress in deciding whether to receive a cochlear implant, perceiving it as 
an “irreversible” process. People who had gone through the challenges of hearing loss were 
concerned by the possible risk of living with an embedded device, worrying that it could damage 
other parts of their ear. 

For me, I think the idea of certain things being irreversible, well potentially irreversible, 
when you're putting the cochlear in with the electrodes, the idea of potentially of 
damaging a lot of stuff in there if it wasn’t already currently damaged. To me that was 
slightly kind of concerning on that side. 

Parents of children with hearing loss expressed distress as they discussed their decision-
making about the choice of device, type of surgery, the surgeon, and place of surgery. Parents 
noted they had to research their options to understand how to minimize their child’s risks during 
the procedure.  
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Yeah, [there is] significant difference in the surgical technique and surgical approaches, 
and that had a big impact for our child—to not be under anaesthesia for longer than a 
few hours, rather than being under anaesthesia for eight hours. But that was at our own, 
with our own research and our own sort of gaining knowledge and our initiative of 
contacting that surgeon …. So I think we were supported in the conversation whether or 
not we should do it; but I think in terms of finding the right expertise, we weren’t as 
supported as we could be. 

Bone-Conduction Implants 

People with single-sided deafness preferred a cochlear implant over bone-conduction implants 
based on the risks and benefits. Those unable to receive a cochlear implant either due to cost 
or contraindications chose to receive a bone-conduction implant. 

… cochlear implant was off the table because it wasn't funded; and so … I went with the 
Bonebridge implant.  

... I specifically was interested in a device that would provide me with binaural hearing 
again so that I could hear and recognize that sounds came from different locations, and 
the only device that potentially would offer that was the cochlear implant. But of course it 
wasn't funded … but the next best thing was either the BAHA or the Bonebridge … 

Treatment Process 

Cochlear Implants 

People who had received a cochlear implant described the invasive surgery it involved. The size 
of the incision was regarded as “massive,” and the recovery was “month long” as patients 
eagerly waited to hear again. The month of healing was considered “uncomfortable,” but 
participants reflected that they recovered well and noted that the long-term gain outweighed the 
short-term losses such as discomfort. 

It probably hurt a little bit more than I was expecting. But … they're drilling into your skull. 
I had about 30 staples in the side of my head there … it's a fairly invasive process … I 
was out for about four or five days after that.  

I remember … after the surgery ... I didn’t realize how big of an incision they were going 
to have to do … When they finally took the bandage off … I went holy something … I 
actually did well with the surgery … it was successful. And then … you have to wait a 
month for them to ... turn it on and place the exterior piece on. So that had to be the 
longest month in my life, I swear, because I just couldn’t wait to get that.  

Patients and caregivers noted that, once the month of healing was over, the receiver was 
placed on the implant.  

The receiver is magnetized; it goes onto the implant and then there's a … an ear piece 
that kind of hangs onto your ear as well with the battery and the receiver. And that's 
removable, so the batteries are rechargeable, they usually lasts for a full day. And then 
as soon as you take that off, you essentially are deaf again. 



Patient Preferences and Values March 2020 
 

Ontario Health Technology Assessment Series; Vol. 20: No. 1, pp. 1–165, March 2020 101 

Bone-Conduction Implants  

Participants mentioned that they went through multiple steps to be diagnosed and receive an 
implantable device: injections, referrals, and wait lists. 

… [my hearing] was just gone, and so I went to an audiologist and she said that I 
needed to see my family doctor right away and get a referral to a hearing specialist, and 
so I did … she gave me—over the course of three weeks she gave me three ... I'm trying 
to think what was it, it was injections, steroids, three steroid injections. She thought that 
that might help but it didn't. 

So, he [doctor] put me on a waiting list … to get a BAHA. It took a couple of years to 
have that happen. 

People with experience of a bone-conduction implant also noted it required invasive surgery. 
They were more content with the newer versions of the bone-conduction devices compared to 
older versions in which the implant protruded from the skin, making the site susceptible to 
infection. 

… they drill a hole in your head and then they implant the receive[r] part and they screw 
it in, and mine was/is totally under the skin…The older ones had a little tab that it came 
out through your skin and you hooked your transmitter onto that, but that’s because it 
was protruding through, your skin was always susceptible to infection. Mine is 100% 
under my skin so it’s totally covered so there's no infections which is a really, really big 
deal. 

Benefits of Implantable Devices 

Participants felt that implantable devices enhanced their day-to-day lives. Most said they were 
able to hear much better and to locate sounds. They were able to focus better. The implants 
made it easier for most participants to communicate while driving, hear in noisy environments, 
and enjoy activities such as bird watching, movies, and music.  

Being able to hear people more clearly, being more comfortable, and not having to 
concentrate and focus as much as I've done before has been a significant help in kind of 
medium to loud situations. Even driving let's say on a three-hour drive with my wife, if I 
didn’t have my … implant it can be a little more challenging trying to … communicate 
and talk with her when I'm driving, so my bad ear is facing her. Just with the noises in 
the car and all that sort of stuff. If she's not speaking very loud and very clear, it used to 
be very challenging, where it's become a lot easier on that stuff. 

Parents of children with hearing loss reflected on the importance of reducing ear infections and 
having full hearing during the child’s developmental years. They noted the hearing sense was 
just as important as the sight sense for developing children. 

Most people don't realize … a basic sense—hearing and vision—how important that can 
be [for a child’s development].  
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Cochlear Implants: Perceptions of Benefits 

Most people cherished their cochlear implant for its ability to help them hear from both ears and 
localize sounds, provide tinnitus relief, feel safer in their environment, and socialize. Participants 
mentioned they wore their cochlear implant as soon as they woke up and took precautions to 
keep it safe. 

I mean I pretty much wear it from as soon as I wake up to as soon as I go to bed, other 
than when I do sports I do take it off.  

… I will fight someone to the death if you think you're going to take it away from me.  

Participants mentioned that the cochlear implant improved hearing from both ears. It made them 
more aware of their surroundings, and they were able to hold more fluid conversations. It gave 
them the “gift of hearing.” 

Because if I walk around at home, I don’t have it on, then all of a sudden, I put it on, it’s 
like, the TV’s louder, the radio is louder, I can hear somebody upstairs … it gave me 
hearing on my deaf side, which was … amazing … It gave me the gift of hearing, so that 
was wonderful … I have the surround sound now. 

Hearing-wise, I now hear from both sides of my head, versus only the one side.  

So, with the cochlear implant, … the biggest thing for me, was—it almost has created 
like surround sound, meaning that now when I'm in the louder situations when 
someone's talking across for me it's much, much easier to be able to hear them … 

People also were able to identify sound direction better with cochlear implants. One interviewee 
mentioned that he participated in a research trial studying the improvement in sound localization 
with cochlear implant, and he reported a notable difference.  

When I got the CI, so first thing was… I can actually hear more now, point one. Point 
two, … I've got some of my localization back. 

I … went over [to] the Department of Defence building over at [location in Toronto] … 
with some professor that works for Defence on hearing for the troops … they've got a 
circle of speakers and a chair in the middle. she had me … with and without the CI, [to 
study] could I figure out where the sound was coming from? And … it was clear that the 
CI made a difference. …I think she said about three-quarters of the time with the CI I 
was accurate on where the noise came from. Without, I was all over the map. 

Some people noted that their cochlear implant also relieved their tinnitus. One patient said the 
ringing sound they had been experiencing significantly reduced when the implant was turned 
on. However, some people noted that their tinnitus was not completely relieved. 

Before the CI, I swore I had a jet engine in my head. My wife will never forget, I think I 
scared the hell out of her, we were in the kitchen and I'm standing there and it was 
roaring, okay? And it just got the point where I said, “Shut up” [laughs] and my wife 
thought I was yelling at her. And I'm no, I'm yelling at the tinnitus. It's driving me crazy. 
But as soon as I put the CI, on the tinnitus goes away. Again, that's part of my love for 
this thing. 



Patient Preferences and Values March 2020 
 

Ontario Health Technology Assessment Series; Vol. 20: No. 1, pp. 1–165, March 2020 103 

So, it [the ringing] didn’t go back to normal, unfortunately, but it has helped, absolutely. I 
would definitely agree that it has helped for myself … 

People whose ability to work was affected by the onset of single-sided deafness were able to 
rejoin their line of work with the help of the cochlear implant.  

You have these life-changing things happen to you, and you have to really hope and, 
luckily for me, I wasn’t pushed into poverty. I was able to go back to work, but I have to 
say it’s because of the cochlear implant. If I didn’t have that, I wasn’t able to do that job. 
I’d have to go do something else. I would not have been able to make the kind of money 
that I was making.  

Parents of children noted that the implantable device became part of the child’s identity. One 
mother indicated that her daughter equated the implant to her ears and believed it was part of 
her body. 

A parent of a child with hearing loss and coexisting conditions mentioned that a cochlear implant 
helped the child use her hearing fully, to listen and visualize more effectively. These abilities 
were noted as an essential requirement for the development of the child  

 She was at a better advantage for her learning or be able to engage with her 
environment. … You know, the simple fact is that someone who’s interacting as 
significant as our child with the health care system and needing to interact with her 
world, had she not had cochlear implants, that would have been significantly 
compromised. 

Bone-Conduction Implants: Perception of Benefits 

People with single-sided deafness and conductive or mixed hearing loss expressed more 
confidence in social situation with background noise with bone-conduction implants. They no 
longer felt the need to specially position themselves in social situations, as they had done prior 
to receiving the implant.  

It had quite a significant impact on my leisure time and activities, too, I’ll say … obviously 
… it’s not giving me back my hearing … So, what I find beneficial is … this year, when 
we had the same party, I could engage in conversation with most of the people at the 
table. It wasn't perfect, but at least I could hear my husband.  

It’s helped my confidence. It’s helped … reduce the anxiety, made me more social. I still 
try to avoid some of those situations if I can, if it’s optional, because it can be … 
uncomfortable, the loud environments, but I’m able to cope. 

Oh, it's made a huge difference in my work life and … even in my personal life, things 
that made a difference. Like going to a movie, … even sitting in a restaurant … as 
simple as walking down the sidewalk … 

Participants felt they were fully dependent on the implantable device to hear, function at work, 
and conduct usual activities of daily living. 
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And then if I don’t wear them, if I don’t wear the damn things, I can't hear properly. 

… the most important thing in my life is my work. And I am really afraid [at] some point 
that if something happened to this device, then I will not be able to work. 

Bone-Conduction Implants for Single-Sided Deafness 

People with single-sided deafness noted the bone-conduction implant made a subtle but “big 
difference” to their hearing. 

Okay, it's a very subtle … I think it’s a very good quality but it is very subtle and you can 
almost think that it's not doing its job, but when you then block your right ear from 
hearing, you then know how much of your hearing is coming from the Bonebridge which 
is quite substantial; but it is very subtle and you can think, “Oh well, I'm not sure this is all 
that great,” but you take it off and yeah it’s like, “Oh, that makes a big difference.” 

Bone-Conduction Implants for Conductive or Mixed Hearing Loss 

People with conductive or mixed hearing loss noted that their bone-conduction implants reduced 
the risk of infection, which they perceived they were facing with external hearing aids. 

The reason I ended up with the BAHA is that I had traditional hearing aids, where they 
were—the ones that were fit in my ear. I was getting a lot of ear infections. And I'm prone 
to ear infections and have been since childhood, but I think that those types of hearing 
aids were impacting, causing more ear infections. So it [the bone-conduction implant] 
definitely helped my hearing. I still do get some ear infections, but not … the way that I 
used to. They’ve certainly reduced at that point. 

Barriers to Implantable Devices 

Participants reported that cost and access to implantable devices for hearing loss were barriers 
to receiving these treatments.  

Cost 

Some participants with lived experience of a cochlear implant or a bone-conduction implant 
noted that the high cost of the device was a barrier to receiving the implant, for themselves or 
potentially for others.  

[Doctor] told me that I fell out of the inclusion criteria in the trial; he said to me, he said, if 
you want to do it we can still do it but you have to buy the implant. And I go okay, how 
much is that? He says $30,000 [for a cochlear implant]. And I went well, next … 

If one of my kids had deafness in one ear … and what if I couldn't afford the $6,000 [for 
a bone-conduction implant] and not be able to give my child this advantage—it would be 
heartbreaking. 

Coverage for the device was variable among the participants. Some people had partial 
coverage through private insurance or the provincial Assistive Devices Program; some had full 
coverage through a research grant; and others were expected to pay the full price. 
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I did not pay from my pocket … the doctor … said to me that I will get that free. And 
there was a confusion about that —I got the device without any cost; but it … is very 
expensive. 

 [The BAHA] was over $5,000. Three thousand of that was actually covered by the 
program, through the government. And then I had just over $2,000 … So I'm still out of 
pocket, but not a lot. 

I know if the Adaptive [Assistive Devices] Program, if it hadn’t have been available, even 
for partial payment [of Bonebridge], it would have been a financial hardship. 

People who were exploring a cochlear implant noted the larger price tag compared to bone-
conduction devices. 

But [cochlear implant] wasn't funded, it wasn't covered by OHIP [the Ontario Health 
Insurance Plan] but the next best thing was either the BAHA or the Bonebridge... But, at 
that time, I also was still a graduate student and didn’t have the funds to be able to 
purchase the processor that was required for either the BAHA or the Bonebridge. 

As far as out-of-pocket costs, I'd say it's really the price of the processor … so really, 
compared to the cochlear implant, I think out-of-pocket it’s the $6,500 that we had to pay 
for the processor, and for me my private health care plan, health insurance, covered 
$500 of that. 

Patients who received full or partial coverage for the device noted they also incurred out-of-
pocket costs to travel to the implant centre, which were not covered.  

It was day surgery [to receive a Bonebridge] … we did spend six nights in the hotel in 
Toronto, a couple of nights before the operation and four nights after the operation, to 
make sure everything was fine. We live … a thousand miles from Toronto. … the 
Northern Ontario Travel Grant covered one night in the hotel only and that was only 
$100 so, you know a hotel room in Toronto costs a lot more than $100. So it cost us six 
nights hotel at about $250 a night, and the plane fare to and from Toronto was covered 
by the Northern Ontario Travel Grant. 

There were costs that we covered and there were costs that were out of pocket. So 
surgery and that type of thing were covered. Our travel to was not covered, and our time 
there as family, which was about a week, was not covered.  

The out-of-pocket costs had an impact on participants’ personal lives as they had to adjust their 
savings and earnings, and sometimes had to borrow money which would be paid off later, 
adding to the financial burden on the patient.  

It required some juggling of finances to be able to ensure that we had the funds for all 
that we wanted to do at that time in our lives. Yeah, but thankfully it all worked out with 
lines of credit and whatnot. But it definitely was a substantial and significant impact on 
our financial abilities for the year. 

But I can’t afford half of that because they said, you know, the beginning, like $6,300, 
something like that, right? … there’s no way we can afford, me and my family, to do this 
… Well, they mentioned they’re going to go through my insurance, too, because they 
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can help me, too, and they said I’m going to pay the minimum, of course, if the 
government helps me with this problem. Of course I’m going to pay a little bit but if now I 
have to borrow money to do this …  

It [Bonebrige] cost me, what, about—the receiver itself was about $6,000. Which is 
about the costs of a hearing aid. I mean, I have to say I don't—like it's—I have extended 
the health coverage through my job … which of course doesn't cover any of this … [The] 
amount that it gives you for hearing aids is $500. … It's an essential thing that you need 
and, if there are assistive devices out there, it should be accessible to a certain degree 
… So, I didn't, to be very honest, I couldn't just fork out $6,000 all at once … 

Patients also had out-of-pocket costs to maintain and upgrade the implantable device they had 
received. 

It is a lifelong—the Bonebridge is in my head but the receiver is only good for so many 
years. It's going to, it will probably require maintenance or I'm going to require a new 
one, and then there's the cost of that as well. 

The device itself [cochlear implant], the internal and the external device, had coverage. 
But if there was any loss or damage or extra material required … anything in terms of 
adaptors, or batteries or chargers, anything like that, that was all out of pocket for us … 
[… we did suffer damage to one device and loss of another, and we had to cover that. 

… I think the warranty is something like five years. And so, beyond that, if you need to 
purchase another one … 

Parents of children with implantable hearing devices noted additional costs related to making 
the device child-friendly.  

… so, ear hooks, or what they call “snuggies,” which on a young child holds the devices, 
the microphone part of device, on more securely. 

Access  

Many participants commented that implantable devices were not available or easily accessible 
across Ontario. One participant stated that they learned about the Bonebridge device by chance 
when receiving treatment for a different health problem. 

A few participants felt they had no option but to travel to Toronto for a consultation with the 
specialist, the implant surgery, and follow-up visits.  

I am currently living in [a northern town]. At that time that I was doing my graduate 
studies, I was in [a smaller town] which anyway is north of Toronto by about an hour and 
a half … so I would drive down to Toronto to [implant centre].  

If I needed anything done with it [the device] or all of a sudden something didn't work on 
it, I'd have to probably go to Toronto to get it fixed, right? … Make it more accessible in 
more centres would be much better. So be able to do that here in [northern city] instead 
of having to go to Toronto for that, to make it more accessible to other people, that would 
be amazing. 



Patient Preferences and Values March 2020 
 

Ontario Health Technology Assessment Series; Vol. 20: No. 1, pp. 1–165, March 2020 107 

This is going to be a lifelong appliance … so, I'll have this and then in five years I'll 
probably need to get another receiver because they will wear out, and then I'll have to do 
that … to be able to not necessarily have to go to Toronto every time I need a new one. 

Limitations of Implantable Devices 

Although people enjoyed hearing better via implantable devices, they also reported limitations in 
using them.    

Cochlear Implants: Perceptions of Limitations 

Participants stated that a cochlear implant was not like wearing prescription eye glasses. It did 
not fully restore hearing in the deafened ear. People still struggled with understanding unfamiliar 
accents and tones.  

When you wear a prescription glass, your eyesight is restored 100%, right? A cochlear 
implant is different, you don’t get 100% replacement of your lost hearing … the sound is 
different. But it did address my challenge because … I’m able to hear people from my 
left but although the sound is not—  

So it … definitely helps me to hear better. It’s not perfect and it will never ever be 
perfect. Anyone with a cochlear implant doesn’t get back 100% of what they had. But it 
was about 70% that I did my last test. If you put me in a room alone with my good ear 
not able to hear, it’s still not perfect. Words will be mumbled and certain accents you 
can’t understand, like the British accent … Some different tones I still can’t understand, 
even with the cochlear implant.  

A few people noted that localizing sound, especially loud sounds, continued to be a challenge. 

The sound I think has gotten a little bit better but it's still one of those things, like, if I hear 
a fire engine or a police car or something like that it, I still have to move my head 360 
degrees to figure out where it's actually coming from because essentially any real loud 
noise always sounds like it's coming from the left side. 

A few people reported disappointment because the quality of the sound generated from their 
cochlear implant was not like the sound generated naturally by their good ear. 

But that sound, especially if you have good hearing or have heard before, is not very 
good. It's a single tone, a single sound, it doesn’t matter if it's someone talking, it doesn’t 
matter if it's music playing, it doesn’t matter if there's water running or if you drop 
something onto the floor, it all sounds the exact same. It's like a, almost like a robotic 
static crackly tone. It's not very pleasant compared to good hearing.  

I'm not trying to build up my expectations too much on that side, but I think at the 
beginning I was a little disappointed on that side.  

Participants with experience of cochlear implants noted that the device required a long training 
period. They reported having to spend time training their brain how to decipher sounds and 
learning how to hear from one good ear and the cochlear implant (which some patients referred 
to as CI). The sounds were different. 
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I put on a receiver for the first time and I'm just thinking, oh, thank you, I can, I'm going to 
be able to hear again, this was all worth it, like I was going to be done. And then it's just 
like, oh yeah, I'm probably going to have to spend another year of training.  

I mean it just doesn’t sound good … one of the challenges is that your brain's trying to 
interpret. You've got your good hearing and now you've got this simulated sound [from 
the cochlear implant] that's coming at the same time. It's like if you've ever spoken … 
into a microphone and you hear your voice, you're—almost right at the beginning you're 
doing a lot of that. Where your kind of hearing that feedback out of the receiver out of the 
new cochlear implant and it's kind of—it doesn’t sound the greatest. I don’t think people 
realize that there is a lot of training. You really, really have to put time into wearing it.  

But just being able to kind of regain hearing and being able to kind of understand, I think 
it's very, very tough to be able to simulate what it's like or to explain what it's like to get a 
cochlear implant and what it's like to hear.  

Participants also reflected that a cochlear implant may not be right for everyone as it requires a 
lot of effort and commitment to retrain the brain to comprehend the different types of sounds 
generated from the good ear and the cochlear implant. 

Don’t get me wrong; everyone likes the idea of being able to hear again out of their ear, 
but it's not like that at all. I mean between going through the surgery, between going 
through the training and wearing it and that learning curve and retraining your brain and 
all that extra stuff, I don’t think people would realize how tough all that is …  

Some participants expected the cochlear implant surgery would address their vertigo and 
tinnitus but were disappointed it did not. 

The biggest thing for me in recovery is I didn’t lose the vertigo or the tinnitus. 

So it [the ringing] didn’t go back to normal, unfortunately, but it [the cochlear implant] has 
helped, absolutely.  

A few participants experienced some side effects such as perceived impairment of their sense 
of taste after the cochlear implant surgery.  

My taste was … that was actually very different … after the surgery as well as continuing 
for the next, I would say, month … It's like whether or not I just became used to the new 
tastes or whether or not my taste buds did go back to normal, I'm never 100% sure on 
that. But I know for sure after surgery that was probably one of the side effects that were 
a little more surprising to myself that I wasn’t necessarily suspecting. 

Parents of children with a cochlear implant mentioned that receiving the implant was not the end 
of their journey to hear. Children still required adjustments or accommodations at school and at 
home to function well with the implant. 

I think people forget that or make the assumption that, “You’ve got a cochlear implant. 
You hear just like the typical person,” but you don’t. There’s accommodations that they 
also require. 
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Bone-Conduction Implants: Perceptions of Limitations  

Participants who had received a bone-conduction implant discussed the limitations of their 
device. These limitations are presented below as general, specific to single-sided deafness, and 
specific to conductive or mixed hearing loss.  

General Limitations of Bone-Conduction Implants: People with lived experience of a bone-
conduction implant noted some side effects after the surgery, such as long-term pain in their 
head and neck. 

So it’s not been quite a year yet since my surgery but I do feel—well, I've been put on 
pregabalin [a pain medication] for possible neuralgia of my head and neck area, and I 
may not have needed to go on that if I had not had the Bonebridge implanted.  

After the Bonebridge surgery, I didn't feel that I was able to conduct my job at as high a 
level as I thought I would be able to, and some of that was the result of the pain and 
having to take pain killers … 

The follow-up visits to adjust the volume on the device had a significant impact on people who 
lived far from centres that provide this service. 

There were follow-ups in the beginning and it’s a bit of a distance to go to Toronto but, 
you know, that was fine, and I went back for adjustments, volume adjustments and that 
sort of thing. You have to practice with it to see what it is—which setting is best for you—
so they switched that and I haven’t been back, I don’t need any adjustments … 

Some participants recognized that the bone-conduction implant could not completely restore 
normal hearing in the damaged ear. Most participants noted their continued struggle with 
understanding unfamiliar accents and tones with the bone-conduction implant.  

My part-time job is behind a glass, so … sometimes I have challenges when clients talk 
to me. And then that’s five-layers [of] glass, I'm having a hard time hearing them 
because not everybody has the same pitch and modulate … Some women, some men, 
they speak louder; and some, they speak very low. 

Most people also described the challenges of maintaining and caring for the bone-conduction 
device. This was especially seen as a limitation among people with experience of BAHA 
devices. They also noted they maintained it by removing the daily accumulation of skin around 
the implant.  

I have some challenges to remove the skin … The [problem] is my skin is growing. My 
skin is growing around the [abutment site] and installation implant. 

In the interviews, there was a consistent theme of worry about damaging the device while 
travelling (such as on the subway), playing sports, or putting on hats and jackets. Some 
participants talked about how they had to be careful to avoid damaging it by not sleeping on the 
side with the implant and to keep it dry while showering or socializing at the beach. 

… because it’s external … sometimes it [gets] knocked off if I don’t think about where I'm 
putting my head and ducking under something, I might knock it off or … someone [else 
can] knock it off me, as well.  
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Sometimes I just want to sleep on my right side, which is where the implant is…I try so 
the pillow is not directly under that part of my head…when I'm sleeping… After I shower, 
I put a little bit of ... hydrogen peroxide…to clean around the site of the [abutment]. And I 
put a little bit of cream around it, like a prescription, just to make sure there’s no 
infection. 

Some people noted they also needed always carried extra batteries in case they needed 
replacing. 

I keep my battery with me all the time, 24/7 when I leave my home. So, in case my 
battery is finished, then I need to replace it right away. So I do have [some needs]. So I 
just go to washroom, and then just take off and change, replace the battery; and then I 
[go] back to normal routine, so then back to work.  

Limitations in Single-Sided Deafness. Most patients with single-sided deafness noted that a 
bone-conduction implant could not restore sound localization. 

You can't identify the location of the sound and that is still the way it is whether I have 
the implant on or not… Like you can’t tell when you hear birds singing, you have no idea 
where it is… 

 My left ear doesn't hear anything but the Bonebridge picks it up and sends it to my right 
ear, so everything that I'm hearing is coming in through my right ear, so I still can't tell … 
where the sound is coming from. 

Participants with single-sided deafness noted that the bone-conduction implant depends on the 
good ear for hearing. This can “overwhelm” the good ear and make it difficult to hear in noisy 
situations.  

There are situations where it [the implant] doesn’t help, so, where there's a lot of 
background noise it overwhelms me. The device, it transmits the sound to my good ear, 
of course, and so all of the noise in the room is then—it’s all being driven into that one 
ear … Definitely in lower noise environments even, I do find that the Bonebridge can 
cause my good ear to become overwhelmed.  

Some participants with single-sided deafness were also disappointed the implant did not help 
restore their balance. 

So, he [doctor] did the surgery to remove the balance nerve but at the same time then 
he put the BAHA in. So I thought okay let's try this, let's see what happens. I didn’t—the 
BAHA was not very effective for me, it really didn’t help a lot, okay? Because again the 
reality is you're still only hearing out of one ear, right? 

Limitations in Conductive or Mixed Hearing Loss. Depending on the degree of their hearing loss, 
some people with conductive or mixed hearing loss who had received a bone-conduction 
implant noted that localizing sound continued to be a challenge, particularly for loud sounds.  

I still sort of try to avoid those [group situations] when I can … It [the implant] hasn’t 
really helped with my ability to locate sounds … 
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Although the bone-conduction implants helped with hearing, depending on the degree and type 
of hearing loss, participants noted they did not completely restore their confidence at work. They 
found themselves staying away from certain roles that involved communicating with or leading 
large groups of people. 

And I would still say that, even with the Bonebridge, I’m not sure that I would have the 
confidence to take on a role where I was leading lots of people, had to appear in front of 
lots of people and big meetings with lots of noise. I find that I’m very sensitive to noise, 
you know, since the hearing loss … I’d say the Bonebridge has helped … improve my 
social ability … my confidence.  

Discussion 

People with experience of single-sided deafness and conductive or mixed hearing loss shared 
personal experiences, either their own or as a caregiver, about of the physical, psychological, 
social, financial, and positive impact of hearing loss on their daily lives, well-being, work, and 
relationships. Parents of children with hearing loss noted the developmental and behavioural 
impact on the children. 
 
Participants described the perceived benefits and limitations of currently available treatments—
CROS hearing aids and bone-conduction headbands. They noted that these devices work by 
enhancing their remaining hearing but noted several limitations that led them to explore 
implantable devices.  
 
People with experience of a cochlear implant or bone-conduction implant could compare the 
device with other treatments they had used. Many participants with single-sided deafness 
reported that the advantages of a cochlear implant were binaural hearing, the potential 
reduction of tinnitus, and improved sound localization. Participants with single-sided deafness 
reported bone-conduction devices improved their hearing ability but did not help them in noisy 
environments or with sound localization. Participants with mixed or conductive hearing loss 
reported that bone-conduction implants enhanced their hearing and reduced the problem of skin 
infections associated with hearing aids. 
 
People who had received an implantable device expressed the positive impact it had made in 
their lives, particularly in communicating with others, either at home or at work, and in improving 
their self-esteem. 
 
Despite these benefits, some participants noted limitations of the devices. They did not meet 
their expectations in terms of improving the ability to localize sound, identify different tones and 
accents, or hear in noisy areas, and they did not address tinnitus or balance problems. The 
effort and out-of-pocket costs required to maintain the device were additional challenges. Some 
barriers made it difficult for people to receive an implantable device, primarily the cost of the 
devices and access to centres that provide the surgery and follow-up services.  
 

Conclusions 

People with single-sided deafness and conductive or mixed hearing loss reported that the 
currently available treatments did not meet their expectations and therefore they chose to 
undergo surgery for an implantable device. Most participants with experience of either a 
cochlear implant or bone-conduction implant spoke positively about being able to hear better 
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and enjoy a better quality of life. People with a cochlear implant reported additional benefits: 
binaural hearing, better sound localization, and hearing in noisy areas.  
 
Cost and access were barriers to the implantable devices. Some people noted limitations of the 
devices.  
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CONCLUSIONS OF THE HEALTH TECHNOLOGY ASSESSMENT 

Based on evidence of moderate quality from systematic reviews of clinical studies, cochlear 
implants and bone-conduction implants improve functional and patient-important outcomes in 
adults and children with single-sided deafness and conductive or mixed hearing loss.  
 
We did not identify any cost-effectiveness studies in the literature that were directly applicable to 
our research questions.  
 
Among people with single-sided deafness, cochlear implants may be cost-effective compared 
with no intervention, but bone-conduction implants are unlikely to be. Among people with 
conductive or mixed hearing loss, bone-conduction implants may be cost-effective compared 
with no intervention. Results and uncertainty are mainly driven by changes in health utilities 
associated with having a hearing implant. Further research on health-related quality of life is 
warranted, with larger sample sizes and longer follow-up. 
 
We estimate that publicly funding cochlear and bone-conduction implants as indicated for 
people with single-sided deafness and conductive or mixed hearing loss would cost Ontario 
approximately $6.7 million to $7.8 million in total over the next 5 years. Hearing implants for 
single-sided deafness account about half of this budget impact ($2.8 million to $3.6 million for 
cochlear implants and an additional $0.8 million for bone-conduction implants). Bone-conduction 
implants for conductive or mixed hearing loss account for the remaining 5-year budget impact 
($3.1 million to $3.3 million). 
 
In interviews, people with single-sided deafness or conductive or mixed hearing loss reported 
that the currently available treatments did not meet their expectations and therefore they chose 
to undergo surgery for an implantable device. Despite describing some limitations to the 
devices, most participants with experience of either a cochlear implant or bone-conduction 
implant spoke positively about being able to hear better and enjoy a better quality of life. People 
with a cochlear implant reported additional benefits: binaural hearing, better sound localization, 
and better hearing in noisy areas. Cost and access were important barriers to receiving a 
hearing implant. 
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ABBREVIATIONS 

BAHA Bone-anchored hearing aid 

CROS Contralateral routing of systems (a type of hearing aid) 

dB Decibel 

dB HL Decibel of hearing level 

GRADE Grading of Recommendations Assessment, Development, and 
Evaluation 

HRQOL Health-related quality of life 

HUI3 Health Utilities Index Mark III questionnaire 

ICER Incremental cost-effectiveness ratio 

NHS National Health Service 

NICE National Institute for Health and Care Excellence 

QALY Quality-adjusted life-year 

ROBIS Risk of Bias in Systematic Reviews 
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GLOSSARY 

Adaptive hearing 
test 

A hearing test used to estimate a person’s speech reception 
threshold (the intensity or decibel level at which a person can 
understand 50% of spoken words). The test follows an 
adaptive procedure in which the next stimulus presented to the 
test-taker is adjusted based on the test-taker’s response to the 
previous stimulus. For example, the first sentence in a list is 
presented at a level below the expected speech reception 
threshold of the test-taker. The level of this sentence is then 
gradually increased until the test-taker can repeat it correctly. 
For the remaining sentences, the level is dependent on the 
accuracy of the previous response: it is increased following an 
incorrect repetition and decreased after a correct response. 
The test-taker’s speech reception threshold is estimated as the 
average presentation level of sentences in the last part of the 
list. 

Audiometry  A method of assessing a person’s hearing. Audiometry tests 
both the intensity and the tone of sounds, as well as balance 
and other issues related to the function of the inner ear.  

Binaural hearing The ability to hear with both ears. 

Congenital Describes a condition or trait that develops during fetal 
development and is present at birth. A congenital condition or 
trait may result from an infection, genetic factors, and/or 
environmental factors. 

Cost–utility 
analysis 

A cost–utility analysis is a type of economic evaluation used to 
compare the benefits of two or more health care interventions 
with their costs. The benefits are measured using quality-
adjusted life-years, which capture both the quality and quantity 
of life. In a cost–utility analysis, the main outcome measure is 
the incremental cost per quality-adjusted life-year gained.  

Disutility A disutility is a decrease in utility (i.e., a decrease in 
preference for a particular health outcome) typically resulting 
from a particular health condition (e.g., experiencing a 
symptom or complication). 

Health-related 
quality of life 
(HRQOL) 

Health-related quality of life is a measure of the impact of a 
health care intervention on a person’s health. It includes the 
dimensions of physiology, function, social life, cognition, 
emotions, sleep and rest, energy and vitality, health 
perception, and general life satisfaction. 

Incremental cost-
effectiveness 
ratio (ICER) 

The incremental cost-effectiveness ratio (ICER) is a summary 
measure that indicates, for a given health care intervention, 
how much more a health care consumer must pay to get an 
additional unit of benefit relative to an alternative intervention. 
It is obtained by dividing the incremental cost by the 
incremental effectiveness. Incremental cost-effectiveness 
ratios are typically presented as the cost per life-year gained or 
the cost per quality-adjusted life-year gained.  
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Listening fatigue A condition caused by an increased effort to listen and 
understand owing to untreated hearing loss. Symptoms may 
include tiredness, discomfort, and pain. 

Markov model A Markov model is a type of decision-analytic model used in 
economic evaluations to estimate the costs and health 
outcomes (e.g., quality-adjusted life-years gained) associated 
with using a particular health care intervention. Markov models 
are useful for clinical problems that involve events of interest 
that may recur over time (e.g., stroke). A Markov model 
consists of mutually exclusive, exhaustive health states. 
Patients remain in a given health state for a certain period of 
time before moving to another health state based on transition 
probabilities. The health states and events modelled may be 
associated with specific costs and health outcomes.  

Probabilistic 
sensitivity 
analysis 

A probabilistic sensitivity analysis (PSA) is used in economic 
models to explore uncertainty in several parameters 
simultaneously and is done using Monte Carlo simulation. 
Model inputs are defined as a distribution of possible values. In 
each iteration, model inputs are obtained by randomly 
sampling from each distribution, and a single estimate of cost 
and effectiveness is generated. This process is repeated many 
times (e.g., 10,000 times) to estimate the number of times (i.e., 
the probability) that the health care intervention of interest is 
cost-effective.  

Pure tone average 
(or threshold) 

The average of hearing threshold levels at a set of specified 
frequencies, typically 500, 1,000, 2,000, and 4,000 Hz. This 
value helps assess a person’s hearing level in each ear. As 
the pure tone average increases, hearing ability decreases. 

Quality-adjusted 
life-year (QALY) 

The quality-adjusted life-year (QALY) is a generic health 
outcome measure commonly used in cost–utility analyses to 
reflect the quantity and quality of life-years lived. The life-years 
lived are adjusted for quality of life using individual or societal 
preferences (i.e., utility values) for being in a particular health 
state. One year of perfect health is represented by one quality-
adjusted life-year.  

Scenario analysis A scenario analysis is used to explore uncertainty in the results 
of an economic evaluation. It is done by observing the 
potential impact of different scenarios on the cost-
effectiveness of a health care intervention. Scenario analyses 
include varying structural assumptions from the reference 
case.   

Sensitivity 
analysis 

Every economic evaluation contains some degree of 
uncertainty, and results can vary depending on the values 
taken by key parameters and the assumptions made. 
Sensitivity analysis allows these factors to be varied and 
shows the impact of these variations on the results of the 
evaluation. There are various types of sensitivity analysis, 
including deterministic, probabilistic, and scenario. 
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Signal-to-noise 
ratio 

A measure that compares the level of a desired signal (e.g., 
speech) to the level of background noise. It is commonly used 
in adaptive hearing testing to assess how well a person can 
understand speech when it is presented along with 
background noise. 

Speech 
audiometry 

Speech audiometry typically refers to two speech tests done in 
a standard audiometric evaluation. The speech reception 
threshold is a measure that determines the level at which a 
person can repeat 50% of familiar spondaic words (two 
syllables with equal emphasis on both syllables). It is used to 
check the validity of the pure tone air-conduction thresholds 
obtained. If the two measures do not coincide, this suggests 
that the pure tone thresholds are not accurate. The second 
speech measure is word recognition ability, which is a 
measure to provide information about how clearly a person 
can hear. Hearing loss often affects clarity as well as volume, 
especially when the hearing loss falls within the severe to 
profound range. Speech audiometry does not give information 
about the type of hearing loss. 

Speech 
discrimination 
score 

A measure of how well a person understands what they hear 
when speech is loud enough for the person to hear 
comfortably. Speech discrimination is measured as a 
percentage; a score of 100% means a person understands 
everything they hear. 

Speech 
recognition 
threshold 

The faintest level at which a person can understand simple 
two-syllable words 50% of the time. 

Utility A utility is a value that represents a person’s preference for 
various health states. Typically, utility values are anchored at 0 
(death) and 1 (perfect health). In some scoring systems, a 
negative utility value indicates a state of health valued as 
being worse than death. Utility values can be aggregated over 
time to derive quality-adjusted life-years, a common outcome 
measure in economic evaluations.  

Warble tone A tone whose frequency varies several times per second over 
a small range. Warble tones are typically used during sound 
field testing for calibration purposes. They prevent standing 
waves from forming in a sound field, which ensures a more 
consistent stimulus during sound field testing. Sound field 
testing using warble tones refers to providing a stimulus out of 
a speaker as opposed to through headphones. 
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APPENDICES 

Appendix 1: Literature Search Strategies 

Clinical Evidence Search 

Search date: January 4, 2018 
 
Databases searched: All Ovid MEDLINE, Embase, Cochrane Database of Systematic 
Reviews, CRD Health Technology Assessment Database, NHS Economic Evaluation Database 
 

Database: EBM Reviews - Cochrane Database of Systematic Reviews <2005 to December 28, 
2017>, EBM Reviews - Health Technology Assessment <4th Quarter 2016>, EBM Reviews - 
NHS Economic Evaluation Database <1st Quarter 2016>, Embase <1980 to 2018 Week 01>, 
All Ovid MEDLINE(R) <1946 to Present> 
 
Search strategy: 
-------------------------------------------------------------------------------- 
1  Hearing Loss, Unilateral/ (1078) 
2  ((single side* or one side* or single ear or one ear or unilateral* or uni lateral* or monolateral* 
or mono lateral* or monoaural* or mono aural* or asymmetric*) adj7 (deaf* or hearing)).ti,ab,kf. 
(8358) 
3  1 or 2 (8654) 
4  Cochlear Implantation/ (7919) 
5  Cochlear Implants/ (20817) 
6  (Cochlea* adj (implant* or device* or prosthes#s or prosthetic* or stimulator*)).ti,ab,kf. 
(27193) 
7  or/4-6 (30873) 
8  3 and 7 (1308) 
9  Bone Conduction/ (7790) 
10  Osseointegration/ (28659) 
11  (bone* adj3 (conduct* or anchor* or integrat*)).ti,ab,kf. (13725) 
12  (osseointegrat* or osseo integrat*).ti,ab,kf. (17194) 
13  or/9-12 (53118) 
14  Hearing Aids/ (18308) 
15  Correction of hearing impairment/ (4562) 
16  (hearing adj3 (aid*1 or device* or system* or implant* or technolog*)).ti,ab,kf. (22689) 
17  or/14-16 (30846) 
18  13 and 17 (2628) 
19  (Bonebridge* or Soundbridge*).ti,ab,kf. (568) 
20  ((BAHA or BAHAs or BAHS or BAHSs or BAHI or BAHIs or BAHD or BAHDs or BCHI or 
BCHIs) adj5 (cochlea* or implant* or device* or system*1)).ti,ab,kf. (629) 
21  ((Ponto or Carina or Sophono) adj5 (cochlea* or implant* or device*)).ti,ab,kf. (129) 
22  (middle ear adj2 (implant* or prosthetic* or prosthes#s or device* or transducer*)).ti,ab,kf. 
(1362) 
23  (implantable hearing or implanted hearing).ti,ab,kf. (682) 
24  or/19-23 (2766) 
25  18 or 24 (4463) 
26  8 or 25 (5668) 
27  exp Animals/ not Humans/ (15062120) 
28  26 not 27 (4357) 
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29  limit 28 to english language [Limit not valid in CDSR; records were retained] (3734) 
30  29 use coch,clhta (13) 
31  Meta Analysis.pt. (98161) 
32  Meta-Analysis/ or Meta-Analysis as Topic/ or exp Technology Assessment, Biomedical/ 
(302244) 
33  (((systematic* or methodologic*) adj3 (review* or overview*)) or pooled analysis or published 
studies or published literature or hand search* or handsearch* or medline or pubmed or embase 
or cochrane or cinahl or data synthes* or data extraction* or HTA or HTAs or (technolog* adj 
(assessment* or overview* or appraisal*))).ti,ab. (633695) 
34  (meta analy* or metaanaly* or health technolog* assess*).mp. (432077) 
35  or/31-34 (860163) 
36  26 and 35 (243) 
37  exp Animals/ not Humans/ (15062120) 
38  36 not 37 (180) 
39  limit 38 to english language [Limit not valid in CDSR; records were retained] (157) 
40  39 use ppez,cleed (98) 
41  unilateral hearing loss/ (1621) 
42  single sided deafness/ (51) 
43  ((single side* or one side* or single ear or one ear or unilateral* or uni lateral* or 
monolateral* or mono lateral* or monoaural* or mono aural* or asymmetric*) adj7 (deaf* or 
hearing)).tw,kw. (8417) 
44  or/41-43 (8899) 
45  cochlear implantation/ (7919) 
46  cochlea prosthesis/ (12862) 
47  (Cochlea* adj (implant* or device* or prosthes#s or prosthetic* or stimulator*)).tw,kw,dv. 
(27506) 
48  or/45-47 (30077) 
49  44 and 48 (1328) 
50  Bone Conduction/ (7790) 
51  (bone* adj3 (conduct* or anchor* or integrat*)).tw,kw,dv. (13861) 
52  (osseointegrat* or osseo integrat*).tw,kw,dv. (17778) 
53  or/50-52 (34280) 
54  Hearing Aid/ (19158) 
55  auditory rehabilitation/ (2569) 
56  (hearing adj3 (aid*1 or device* or system* or implant* or technolog*)).tw,kw,dv. (22851) 
57  or/54-56 (30335) 
58  53 and 57 (2669) 
59  exp bone conduction hearing aid/ (553) 
60  middle ear implant/ (1804) 
61  (Bonebridge* or Soundbridge*).tw,kw,dv. (611) 
62  ((BAHA or BAHAs or BAHS or BAHSs or BAHI or BAHIs or BCHI or BCHIs) adj5 (cochlea* 
or implant* or device* or system*1)).tw,kw,dv. (641) 
63  ((Ponto or Carina or Sophono) adj5 (cochlea* or implant* or device*)).tw,kw,dv. (134) 
64  (middle ear adj2 (implant* or prosthetic* or prosthes#s or device* or transducer*)).tw,kw,dv. 
(1395) 
65  (implantable hearing or implanted hearing).tw,kw,dv. (705) 
66  or/59-65 (4295) 
67  58 or 66 (5785) 
68  49 or 67 (6995) 
69  Meta Analysis/ or "Meta Analysis (Topic)"/ or Biomedical Technology Assessment/ (295424) 
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70  (((systematic* or methodologic*) adj3 (review* or overview*)) or pooled analysis or published 
studies or published literature or hand search* or handsearch* or medline or pubmed or embase 
or cochrane or cinahl or data synthes* or data extraction* or HTA or HTAs or (technolog* adj 
(assessment* or overview* or appraisal*))).ti,ab. (633695) 
71  (meta analy* or metaanaly* or health technolog* assess*).mp. (432077) 
72  or/69-71 (859035) 
73  68 and 72 (281) 
74  (exp animal/ or nonhuman/) not exp human/ (10770964) 
75  73 not 74 (279) 
76  limit 75 to english language [Limit not valid in CDSR; records were retained] (254) 
77  76 use emez (122) 
78  30 or 40 or 77 (233) 
79  78 use ppez (96) 
80  78 use coch (0) 
81  78 use clhta (13) 
82  78 use cleed (2) 
83  78 use emez (122) 
84  remove duplicates from 78 (135) 
 

Economic Evidence Search 

Search date: January 8, 2018 
 
Databases searched: All Ovid MEDLINE, Embase, Cochrane Database of Systematic 
Reviews, Cochrane Central Register of Controlled Trials, CRD Health Technology Assessment 
Database, NHS Economic Evaluation Database 
 

Database: EBM Reviews - Cochrane Central Register of Controlled Trials <December 2017>, 
EBM Reviews - Cochrane Database of Systematic Reviews <2005 to January 4, 2018>, EBM 
Reviews - Health Technology Assessment <4th Quarter 2016>, EBM Reviews - NHS Economic 
Evaluation Database <1st Quarter 2016>, Embase <1980 to 2018 Week 02>, All Ovid 
MEDLINE(R) <1946 to Present> 
 
Search strategy: 
-------------------------------------------------------------------------------- 
1  Hearing Loss, Unilateral/ (1091) 
2  ((single side* or one side* or single ear or one ear or unilateral* or uni lateral* or monolateral* 
or mono lateral* or monoaural* or mono aural* or asymmetric*) adj7 (deaf* or hearing)).ti,ab,kf. 
(8433) 
3  1 or 2 (8729) 
4  Cochlear Implantation/ (7868) 
5  Cochlear Implants/ (20804) 
6  (Cochlea* adj (implant* or device* or prosthes#s or prosthetic* or stimulator*)).ti,ab,kf. 
(27307) 
7  or/4-6 (30962) 
8  3 and 7 (1318) 
9  Bone Conduction/ (7775) 
10  Osseointegration/ (10242) 
11  (bone* adj3 (conduct* or anchor* or integrat*)).ti,ab,kf. (13937) 
12  (osseointegrat* or osseo integrat*).ti,ab,kf. (17341) 
13  or/9-12 (39326) 
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14  Hearing Aids/ (18472) 
15  Correction of hearing impairment/ (4607) 
16  (hearing adj3 (aid*1 or device* or system* or implant* or technolog*)).ti,ab,kf. (23176) 
17  or/14-16 (31334) 
18  13 and 17 (2650) 
19  (Bonebridge* or Soundbridge*).ti,ab,kf. (569) 
20  ((BAHA or BAHAs or BAHS or BAHSs or BAHI or BAHIs or BAHD or BAHDs or BCHI or 
BCHIs) adj5 (cochlea* or implant* or device* or system*1)).ti,ab,kf. (640) 
21  ((Ponto or Carina or Sophono) adj5 (cochlea* or implant* or device*)).ti,ab,kf. (135) 
22  (middle ear adj2 (implant* or prosthetic* or prosthes#s or device* or transducer*)).ti,ab,kf. 
(1368) 
23  (implantable hearing or implanted hearing).ti,ab,kf. (686) 
24  or/19-23 (2795) 
25  18 or 24 (4503) 
26  8 or 25 (5720) 
27  limit 26 to english language [Limit not valid in CDSR; records were retained] (4965) 
28  27 use cleed (4) 
29  economics/ (255815) 
30  economics, medical/ or economics, pharmaceutical/ or exp economics, hospital/ or 
economics, nursing/ or economics, dental/ (792383) 
31  economics.fs. (427504) 
32  (econom* or price or prices or pricing or priced or discount* or expenditure* or budget* or 
pharmacoeconomic* or pharmaco-economic*).ti,ab,kf. (806273) 
33  exp "costs and cost analysis"/ (563405) 
34  (cost or costs or costing or costly).ti. (246354) 
35  cost effective*.ti,ab,kf. (289859) 
36  (cost* adj2 (util* or efficacy* or benefit* or minimi* or analy* or saving* or estimate* or 
allocation or control or sharing or instrument* or technolog*)).ab. (188735) 
37  models, economic/ (12235) 
38  markov chains/ or monte carlo method/ (75540) 
39  (decision adj1 (tree* or analy* or model*)).ti,ab,kf. (37630) 
40  (markov or markow or monte carlo).ti,ab,kf. (118357) 
41  quality-adjusted life years/ (35822) 
42  (QOLY or QOLYs or HRQOL or HRQOLs or QALY or QALYs or QALE or QALEs).ti,ab,kf. 
(62579) 
43  ((adjusted adj (quality or life)) or (willing* adj2 pay) or sensitivity analys*s).ti,ab,kf. (100273) 
44  or/29-43 (2387050) 
45  27 and 44 (185) 
46  exp Animals/ not Humans/ (14601203) 
47  45 not 46 (141) 
48  Case Reports/ (2031765) 
49  47 not 48 (141) 
50  49 use ppez,coch,cctr,clhta (80) 
51  28 or 50 (84) 
52  unilateral hearing loss/ (1607) 
53  single sided deafness/ (46) 
54  ((single side* or one side* or single ear or one ear or unilateral* or uni lateral* or 
monolateral* or mono lateral* or monoaural* or mono aural* or asymmetric*) adj7 (deaf* or 
hearing)).tw,kw. (8492) 
55  or/52-54 (8962) 
56  cochlear implantation/ (7868) 
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57  cochlea prosthesis/ (12660) 
58  (Cochlea* adj (implant* or device* or prosthes#s or prosthetic* or stimulator*)).tw,kw,dv. 
(27612) 
59  or/56-58 (30150) 
60  55 and 59 (1336) 
61  Bone Conduction/ (7775) 
62  (bone* adj3 (conduct* or anchor* or integrat*)).tw,kw,dv. (14085) 
63  (osseointegrat* or osseo integrat*).tw,kw,dv. (17928) 
64  or/61-63 (34626) 
65  Hearing Aid/ (19300) 
66  auditory rehabilitation/ (2549) 
67  (hearing adj3 (aid*1 or device* or system* or implant* or technolog*)).tw,kw,dv. (23385) 
68  or/65-67 (30843) 
69  64 and 68 (2700) 
70  exp bone conduction hearing aid/ (529) 
71  middle ear implant/ (1813) 
72  (Bonebridge* or Soundbridge*).tw,kw,dv. (610) 
73  ((BAHA or BAHAs or BAHS or BAHSs or BAHI or BAHIs or BCHI or BCHIs) adj5 (cochlea* 
or implant* or device* or system*1)).tw,kw,dv. (650) 
74  ((Ponto or Carina or Sophono) adj5 (cochlea* or implant* or device*)).tw,kw,dv. (140) 
75  (middle ear adj2 (implant* or prosthetic* or prosthes#s or device* or transducer*)).tw,kw,dv. 
(1405) 
76  (implantable hearing or implanted hearing).tw,kw,dv. (709) 
77  or/70-76 (4323) 
78  69 or 77 (5841) 
79  60 or 78 (7061) 
80  Economics/ (255815) 
81  Health Economics/ or Pharmacoeconomics/ or Drug Cost/ or Drug Formulary/ (131199) 
82  Economic Aspect/ or exp Economic Evaluation/ (429744) 
83  (econom* or price or prices or pricing or priced or discount* or expenditure* or budget* or 
pharmacoeconomic* or pharmaco-economic*).tw,kw. (830503) 
84  exp "Cost"/ (563405) 
85  (cost or costs or costing or costly).ti. (246354) 
86  cost effective*.tw,kw. (300758) 
87  (cost* adj2 (util* or efficac* or benefit* or minimi* or analy* or saving* or estimate* or 
allocation or control or sharing or instrument* or technolog*)).ab. (189882) 
88  Monte Carlo Method/ (60499) 
89  (decision adj1 (tree* or analy* or model*)).tw,kw. (41330) 
90  (markov or markow or monte carlo).tw,kw. (123244) 
91  Quality-Adjusted Life Years/ (35822) 
92  (QOLY or QOLYs or HRQOL or HRQOLs or QALY or QALYs or QALE or QALEs).tw,kw. 
(66335) 
93  ((adjusted adj (quality or life)) or (willing* adj2 pay) or sensitivity analys*s).tw,kw. (119592) 
94  or/80-93 (2023089) 
95  79 and 94 (230) 
96  (exp animal/ or nonhuman/) not exp human/ (10651858) 
97  95 not 96 (228) 
98  Case Report/ (4221497) 
99  97 not 98 (223) 
100  limit 99 to english language [Limit not valid in CDSR; records were retained] (204) 
101  100 use emez (106) 
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102  51 or 101 (190) 
103  102 use ppez (72) 
104  102 use emez (106) 
105  102 use coch (0) 
106  102 use cctr (5) 
107  102 use clhta (3) 
108  102 use cleed (4) 
109  remove duplicates from 102 (134) 
  

Grey Literature Search 

Performed: January 3–8, 2018 
 

Websites searched:  
HTA Database Canadian Repository, Alberta Health Technologies Decision Process reviews, 
Canadian Agency for Drugs and Technologies in Health (CADTH), Institut national d’excellence 
en santé et en services sociaux (INESSS), Institute of Health Economics (IHE), McGill 
University Health Centre Health Technology Assessment Unit, National Institute for Health and 
Care Excellence (NICE), Agency for Healthcare Research and Quality (AHRQ) Evidence-based 
Practice Centers, Australian Government Medical Services Advisory Committee, Centers for 
Medicare & Medicaid Services Technology Assessments, Institute for Clinical and Economic 
Review, Ireland Health Information and Quality Authority Health Technology Assessments, 
Washington State Health Care Authority Health Technology Reviews, PROSPERO International 
prospective register of systematic reviews, Tufts Cost-Effectiveness Analysis Registry, Sick Kids 
Paediatric Economic Database Evaluation (PEDE) 
 

Keywords used:  
Cochlea*, single sided, Bonebridge, Soundbridge, Carina, Ponto, Sophono, bone anchored, 
bone conducted, bone conduction, bone integrated, middle ear, ear implant, ear implants 
 

Results: 1 (6 PROSPERO systematic review protocols not counted in PRISMA) 
 

Search for Intervention-Related Health State Utilities  

Search date: February 26, 2018 
 
Database: All Ovid MEDLINE(R) <1946 to Present> 
 
Search strategy: 
-------------------------------------------------------------------------------- 
1   Hearing Loss, Unilateral/ (664) 
2   ((single side* or one side* or single ear or one ear or unilateral* or uni lateral* or monolateral* 
or mono lateral* or monoaural* or mono aural* or asymmetric*) adj7 (deaf* or hearing)).ti,ab,kf. 
(3814) 
3   1 or 2 (3992) 
4   Cochlear Implantation/ (5436) 
5   Cochlear Implants/ (8626) 
6   (Cochlea* adj (implant* or device* or prosthes#s or prosthetic* or stimulator*)).ti,ab,kf. 
(12544) 
7   or/4-6 (14031) 
8   3 and 7 (621) 
9   Bone Conduction/ (3039) 
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10   Osseointegration/ (8876) 
11   (bone* adj3 (conduct* or anchor* or integrat*)).ti,ab,kf. (6177) 
12   (osseointegrat* or osseo integrat*).ti,ab,kf. (8404) 
13   or/9-12 (20146) 
14   Hearing Aids/ (7748) 
15   Correction of hearing impairment/ (1905) 
16   (hearing adj3 (aid*1 or device* or system* or implant* or technolog*)).ti,ab,kf. (10794) 
17   or/14-16 (13750) 
18   13 and 17 (1204) 
19   (Bonebridge* or Soundbridge*).ti,ab,kf. (254) 
20   ((BAHA or BAHAs or BAHS or BAHSs or BAHI or BAHIs or BAHD or BAHDs or BCHI or 
BCHIs) adj5 (cochlea* or implant* or device* or system*1)).ti,ab,kf. (277) 
21   ((Ponto or Carina or Sophono) adj5 (cochlea* or implant* or device*)).ti,ab,kf. (56) 
22   (middle ear adj2 (implant* or prosthetic* or prosthes#s or device* or transducer*)).ti,ab,kf. 
(617) 
23   (implantable hearing or implanted hearing).ti,ab,kf. (320) 
24   or/19-23 (1240) 
25   18 or 24 (2017) 
26   8 or 25 (2591) 
27   Quality-Adjusted Life Years/ (9855) 
28   (quality adjusted or adjusted life year*).tw. (12791) 
29   (qaly* or qald* or qale* or qtime*).tw. (8241) 
30   (illness state$1 or health state$1).tw. (5330) 
31   (hui or hui1 or hui2 or hui3).tw. (1230) 
32   (multiattribute* or multi attribute*).tw. (728) 
33   (utility adj3 (score$1 or valu* or health* or cost* or measure* or disease* or mean or gain or 
gains or index*)).tw. (11501) 
34   utilities.tw. (5783) 
35   (eq-5d or eq5d or eq-5 or eq5 or euro qual or euroqual or euro qual5d or euroqual5d or 
euro qol or euroqol or euro qol5d or euroqol5d or euro quol or euroquol or euro quol5d or 
euroquol5d or eur qol or eurqol or eur qol5d or eurqol5d or euro?qul or eur?qul5d or euro* 
quality of life or European qol).tw. (8180) 
36   (euro* adj3 (5 d or 5d or 5 dimension* or 5dimension* or 5 domain* or 5domain*)).tw. 
(2805) 
37   (sf36* or sf 36* or sf thirtysix or sf thirty six).tw. (18823) 
38   (time trade off$1 or time tradeoff$1 or tto or timetradeoff$1).tw. (1606) 
39   ((qol or hrqol or quality of life).ti. or *quality of life/) and ((qol or hrqol* or quality of life) adj2 
(increas* or decreas* or improve* or declin* or reduc* or high* or low* or effect or effects of 
worse or score or scores or change$1 or impact$1 or impacted or deteriorate$)).ab. (25169) 
40   Cost-Benefit Analysis/ and (cost effectiveness ratio* and (perspective* or life 
expectanc*)).tw. (2681) 
41   *quality of life/ and (quality of life or qol).ti. (45054) 
42   quality of life/ and ((quality of life or qol) adj3 (improve* or chang*)).tw. (19662) 
43   quality of life/ and ((quality of life or qol) adj (score$1 or measure$1)).tw. (9707) 
44   quality of life/ and health-related quality of life.tw. (24881) 
45   quality of life/ and ec.fs. (8745) 
46   quality of life/ and (health adj3 status).tw. (7466) 
47   (quality of life or qol).tw. and cost-benefit analysis/ (10088) 
48   models, economic/ (8552) 
49   or/27-48 (130585) 
50   26 and 49 (96)   
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Appendix 2: Critical Appraisal of the Clinical Evidence  

Table A1: Risk of Biasa Among Included Systematic Reviews (ROBIS Tool) 

Author, Year 

Phase 2 Phase 3 

Study Eligibility 
Criteria 

Identification and 
Selection of Studies 

Data Collection and 
Study Appraisal 

Synthesis and 
Findings 

Risk of Bias in 
the Review 

University of Alberta, 201147 Low Low Highb Low Low 

Appachi et al, 201744 Low Low Low Low Low 

Australia Medical Services Advisory Committee, 201034 Low Highc Highd Low High 

Bezdjian et al, 201748 Low Low Low Low Low 

Colquitt et al, 201149 Low Low Low Low Low 

Danhauer et al, 201050 Low Highe Highf Low High 

Ernst et al, 201651 Low Highg Low Low Low 

Kim et al, 201745 Low Low Highh Low Low 

Kiringoda and Lustig, 201356 Low Highe Highf Low High 

Kitterick et al, 201641 Low Low Low Low Low 

Klein et al, 201253 Low Low Highb Low Low 

Johnson et al, 200652 Low Highi Low Low Low 

Mandavia et al, 201742 Low Low Low Low Low 

Medical Advisory Secretariat, 200254 Low Highj Highk, l Low High 

Peters et al, 201546 Low Low Low Low Low 

Peters et al, 201638 Low Low Low Low Low 

Sprinzl and Wolf-Magele, 201643 Low Highj Highk Low High 

van Zon et al, 201539 Low Low Low Low Low 

Verhaert et al, 201355 Low Highe Highf Low High 

Vlastarakos et al, 201440 Low Highe,m Highf,l Low High 

Abbreviation: ROBIS, Risk of Bias in Systematic Reviews. 
aPossible risk of bias levels: low, high, unclear. 
bSingle reviewer for data extraction and study quality assessment, with data from 10% of the studies being extracted by two reviewers.  
cSingle reviewer for study selection with another assessing those studies over which there was doubt.  
dSingle reviewer for data extraction and checked by a second reviewer.  
eUnclear on the number of reviewers for study selection. 
fUnclear on the number of reviewers for data extraction. 
gDid not specify inclusion and exclusion criteria.  
hAppraisal of methodological quality was planned a priori but was not performed.  
iNo description on search dates. 
jSingle reviewer for study selection. 
kSingle reviewer for data extraction and quality assessment.  
lNo assessment of the methodological quality of included studies. Only assessed the evidence based on study designs.  
mNo description of databases searched.   
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Table A2: GRADE Evidence Profile for Comparison of Cochlear Implantation and No Intervention in Adults and Children With  
Single-Sided Deafness 

Number of 
Studies 

(Designs) Risk of Bias Inconsistency Indirectness Imprecision Publication Bias 

Upgrade 

Considerations Quality 

Speech audiometry 

4 (systematic 
reviews of 
observational 
studies)38-41 

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

 

Sound localization 

4 (systematic 
reviews of 
observational 
studies)38-41 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

 

Tinnitus 

2 (systematic 
reviews of 
observational 
studies)39,40 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

 

Hearing-specific quality of life 

4 (systematic 
reviews of 
observational 
studies)38-41 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

 

Speech and language development 

1 (systematic 
review of 
observational 
studies)38 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations 

(+1)f,h 

⊕⊕⊕ Moderate 

 

Abbreviation: GRADE, Grading of Recommendations, Assessment, Development and Evaluation. 
aObservational studies started at a low GRADE level because of inherent limitations in study design (e.g., lack of randomization, lack of blinding). No further downgrade of GRADE was made unless there were 
more substantial limitations in how the study was conducted. Most included studies used a before-and-after design; thus no risk of bias on adjustment of confounding. Loss to follow-up was not identified by 
authors of systematic reviews as a limitation. 
bSome inconsistencies in results of speech perception in noise likely related to clinical heterogeneity from different diagnosis, duration of deafness, testing conditions, or outcome measures, instead of different 
treatment effects. 
cSpecific target populations and interventions related to the research questions in all included studies. Authors of the included systematic reviews rated directness of evidence as moderate–high. 
dMost studies showed positive effects and significant statistical differences in these outcomes. 
eNot dominated by small studies and very few studies funded by industry. 
fUpgraded because of large magnitude of effect (from deafness to hearing as soon as the sound processor is turned on) and because the ability to hear leads to improvement in both objective and patient-
important outcomes.  
gMost results of these outcomes were consistent across studies.  
hEarly restoration of hearing symmetry by cochlear implantation during a sensitive period of auditory development could secure the function of the deafened ear and restore binaural hearing to optimize speech 
and language development in children.   
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Table A3: GRADE Evidence Profile for Comparison of Bone-Conduction Implants and No Intervention in Adults and Children With 
Single-Sided Deafness 

Number of Studies 
(Designs) Risk of Bias Inconsistency Indirectness Imprecision 

Publication 
Bias 

Upgrade 
Considerations Quality 

Active percutaneous implantable devices 

Speech audiometry 

2 (systematic reviews 
of observational 
studies)45,46 

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

 

Sound localization 

2 (systematic reviews 
of observational 
studies)45,46 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsh 

Undetectede Other 
considerations (+1)i 

⊕⊕⊕ Moderate 

 

Hearing-specific quality of life 

2 (systematic reviews 
of observational 
studies)45,46 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

 

Active transcutaneous implantable devices 

Speech audiometry 

1 (systematic review of 
observational studies)43 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Quality of life 

1 (systematic review of 
observational studies)43 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Passive transcutaneous implantable devices 

Audiometry 

1 (systematic review of 
observational studies)44 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Speech audiometry 

1 (systematic review of 
observational studies)44 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

Serious 
limitations (-1)j 

Undetectede Other 
considerations (+1)f 

⊕⊕ Low 

Hearing-specific quality of life 

1 (systematic review of 
observational studies)44 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Abbreviation: GRADE, Grading of Recommendations, Assessment, Development and Evaluation.  

(Notes on next page.) 
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Notes for Table A3: 
aObservational studies started at a low GRADE level because of inherent limitations in study design (e.g., lack of randomization, lack of blinding). No further downgrade of GRADE was made unless there were 
more substantial limitations in how the study was conducted. Most included studies used a before-and-after design; thus no risk of bias on adjustment of confounding. Loss to follow-up was not identified by 
authors of systematic reviews as a limitation. 
bSome inconsistencies in results of speech perception in noise likely related to clinical heterogeneity from different diagnosis, duration of deafness, testing conditions, or outcome measures, instead of different 
treatment effects. 
cSpecific target populations and interventions related to the research questions in all included studies. Authors of the included systematic reviews rated directness of evidence as moderate–high. 
dMost studies showed positive effects and significant statistical differences in these outcomes. 
eNot dominated by small studies and very few studies funded by industry. 
fUpgraded because of large magnitude of effect (from deafness to hearing as soon as the sound processor is turned on) and because the ability to hear leads to improvement in both objective and patient-
important outcomes.  
gMost results of these outcomes were consistent across studies.  
hAll included studies showed no statistically significant differences in sound localization; this was expected biologically because bone-conduction implants only reroute sounds from the deafened ear to the better 
ear and do not restore binaural hearing.  
iUpgraded because of no bias in results. If there were bias, we would observe an effect in sound localization; however, a bone-conduction implant would not improve sound localization biologically.  
jMost studies did not report statistical significance; thus we are unable to determine the precision of estimates.  
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Table A4: GRADE Evidence Profile for Comparison of Bone-Conduction Implants and No Intervention in Adults and Children  With 
Conductive or Mixed Hearing Loss 

Number of Studies 
(Designs) Risk of Bias Inconsistency Indirectness Imprecision 

Publication 
Bias 

Upgrade 
Considerations Quality 

Active percutaneous implantable devices 

Audiometry 

3 (systematic reviews 
of observational 
studies)49,50,54  

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede  Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Speech audiometry 

2 (systematic reviews 
of observational 
studies)49,50 

No serious 
limitationsa 

No serious 
limitationsg 

No serious 
limitationsc 

Serious 
limitations (-1)h 

Undetectede Other 
considerations (+1)f 

⊕⊕ Low 

Hearing-specific quality of life 

3 (systematic reviews 
of observational 
studies)50,52,54  

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

 

Active transcutaneous implantable devices 

Audiometry 

1 (systematic review of 
observational studies)43 

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Speech audiometry 

1 (systematic review of 
observational studies)43 

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Hearing-specific quality of life 

1 (systematic review of 
observational studies)43 

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

Serious 
limitations (-1)h 

Undetectede Other 
considerations (+1)f 

⊕⊕ Low 

Passive transcutaneous implantable devices 

Audiometry 

1 (systematic review of 
observational studies)48 

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Active transcutaneous middle ear implants  

Audiometry 

5 (systematic reviews 
of observational 
studies)34,47,51,53,55 

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 
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Number of Studies 
(Designs) Risk of Bias Inconsistency Indirectness Imprecision 

Publication 
Bias 

Upgrade 
Considerations Quality 

Speech audiometry 

5 (systematic reviews 
of observational 
studies)34,47,51,53,55 

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Hearing-specific quality of life 

5 (systematic reviews 
of observational 
studies)34,47,51,53,55 

No serious 
limitationsa 

No serious 
limitationsb 

No serious 
limitationsc 

No serious 
limitationsd 

Undetectede Other 
considerations (+1)f 

⊕⊕⊕ Moderate 

Abbreviation: GRADE, Grading of Recommendations, Assessment, Development and Evaluation.  
aObservational studies started at a low GRADE level because of inherent limitations in study design (e.g., lack of randomization, lack of blinding). No further downgrade of GRADE was made unless there were 
more substantial limitations in how the study was conducted. Most included studies used a before-and-after design; thus, no risk of bias on adjustment of confounding. Loss to follow-up was not identified by 
authors of systematic reviews as a limitation. 
bMost results of these outcomes were consistent across studies.  
cSpecific target populations and interventions related to the research questions in all included studies. Authors of the included systematic reviews rated directness of evidence as moderate–high. 
dMost studies showed positive effects and significant statistical differences in these outcomes. 
eNot dominant by small studies and very few studies funded by industry. 
fUpgraded because of large magnitude of effect (from deafness to hearing as soon as the sound processor is turned on) and because the ability to hear leads to improvement in both objective and patient-
important outcomes.  
gSome inconsistencies in results of speech perception in noise likely related to clinical heterogeneity from different diagnosis, duration of deafness, testing conditions, or outcome measures, instead of different 
treatment effects. 
hMost studies did not report statistical significance; thus we are unable to determine the precision of estimates. 
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Appendix 3: Excluded Systematic Reviews—Clinical Evidence  

Citation 
Primary Reason for 

Exclusion 

Baguley DM, et al. The evidence base for the application of contralateral bone anchored hearing aids in 
acquired unilateral sensorineural hearing loss in adults. Clin Otolaryngol. 2006;31:6–14. 

No quality assessment 

Blasco MA, et al. Cochlear implantation in unilateral sudden deafness improves tinnitus and speech 
comprehension: meta-analysis and systematic review. Otol Neurotol. 2014;351:1426–32. 

No quality assessment 

Bruchhage KL et al. Systematic review to evaluate the safety, efficacy and economical outcomes of the 
Vibrant SoundBridge for the treatment of sensorineural hearing loss. Eur Arch Otorhinolaryngol 
2017;274:1797-806.  

Not population of interest 

Butler CL, et al. Efficacy of the active middle-ear implant in patients with sensorineural hearing loss. J 
Laryngol Otol. 2013; 127 Suppl 2: S8–16. 

Not population of interest 

Cabral Junior F, et al. Cochlear implantation and single-sided deafness: a systematic review of the 
literature. Int Arch Otohinolaryngol. 2016;20:69–75. 

No quality assessment 

Canadian Agency for Drugs and Technologies in Health. Completely-in-the-canal and bone anchored 
hearing aids: a review of the clinical effectiveness and cost-effectiveness. 2010. 

Limited literature search 

Colquitt JL, et al. Bone-anchored hearing aids for people with bilateral hearing impairment: a systematic 
review. Clin Otolaryngol. 2011;36:419–11.  

Duplicates 

Cooper T et al. Passive transcutaneous bone-conduction hearing implants: a systematic review. Otol 
Neurotol. 2017;38:1225–32. 

No quality assessment 

Dimitriadis PA, et al. Three year experience with the cochlear BAHA attract implant: a systematic review of 
the literature. BMC Ear, Nose & Throat Disorders, 2016;16:12.  

No quality assessment 

Janssen RM, et al. Bilateral bone-anchored hearing aids for bilateral permanent conductive hearing loss: a 
systematic review. Otolaryngol Head Neck Surg. 2012;147(3):412-22. 

Not comparator of 
interest 

Kahue CN, et al. Middle ear implants for rehabilitation of sensorineural hearing loss: a systematic review 
of FDA approved devices. Otol Neurotol. 2014;35:1228–37. 

Not population of interest 

Kitterick, PT, et al. Improving health-related quality of life in single-sided deafness: a systematic review 
and meta-analysis. Audiol Neurotol 2015;20(suppl 1):79–86. 

Conference proceeding 

Liu CC, et al. The role of bone-conduction hearing aids in congenital unilateral hearing loss: a systematic 
review. Int J Pediatr Otorhinolaryngol. 2017;94:45–51. 

No quality assessment 

Luers JC, et al. Vibroplasty for mixed and conductive hearing loss. Otol Neurotol. 2013;34:1005–12. No quality assessment 

Nadaraja GS, et al. Hearing outcomes of atresia surgery versus osseointegrated bone-conduction devise 
in patients with congenital aural atresia: a systematic review 

No quality assessment 

Pulcherio JO, et al. Carina and Esteem: a systematic review of fully implantable hearing devices. PLoS 
One. 2014;9:e110636.  

No quality assessment 

Roland L, et al. Quality of life in children with hearing loss: systematic review and meta-analysis. 
Otolaryngology. 2016;155:208–19. 

Unspecified type of 
hearing loss 

Tysome JR. Systematic review of middle ear implants; do they improve hearing as much as conventional 
hearing aids? Otol Neurotol. 2013;31(9):1369–75. 

Not population of interest 

Wendrich AW, et al. Systematic review on the trial period for bone-conduction devices in single-sided 
deafness: rates and reasons for rejection. Otol Neurotol. 2017;38:632–41. 

Not outcome of interest 

Zernotti ME, et al. Active bone-conduction prosthesis: Bonebridge. Int Arch Otorhainolaryngol. 
2014;19:343–8.  

Narrative review 
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Appendix 4: Characteristics of Included Systematic Reviews 

Table A5: Characteristics of Systematic Reviews Included in the Clinical Evidence Review 

Author, 
Year Objective(s) 

Search Date and 
Databases Used 

Inclusion Criteria Method of 
Quality 

Assessment Study Design Population Intervention(s) Comparator(s) Outcome(s) 

University of 
Alberta, 
201147 

To systematically 
review the evidence 
on middle ear 
implants for the 
treatment of hearing 
loss 

Search date 

Inception to September 
2011 

Databases searched  

MEDLINE 

Embase 

Cochrane library 

Web of Science 

CINAHL 

PsycINFO 

CRD 

Unpublished and non-
peer-reviewed literature 
was located through 
internet searches and 
included manufacturer 
and association websites. 

Electronic search was 
supplemented with a 
manual search of the 
reference lists from 
included articles, recent 
health technology 
assessments and 
systematic reviews.  

All except 
editorials, 
comments and 
case reports 

Adults and children 
with sensorineural, 
conductive or mixed 
hearing loss 

Middle ear 
implants (Vibrant 
Soundbridge, 
Esteem, Carina) 

No treatment 

Conventional 
hearing aids 

Bone-anchored 
hearing aids 

Cochlear implants 

Functional gains 

Speech reception 

Speech recognition 

Quality of life 

Adverse events 

Levels of 
evidence from 
Oxford Centre 
for Evidence-
Based 
Medicine120  

Appachi et 
al, 201744 

To systematically 
review the current 
literature to 
characterize auditory 
outcomes of hearing 
rehabilitation options 
in children with 
unilateral hearing loss 

Search date 

Inception to January 2016 

Databases searched  

PubMed 

Cochrane library 

CINAHL 

MEDLINE 

Embase 

All except case 
reports 

Children with 
unilateral hearing 
loss 

Baha Attract 

Sophono 

No treatment 

 

Functional auditory 
measures 

Objective auditory 
measures 

Word recognition 
scores  

Newcastle-
Ottawa scale121 
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Author, 
Year Objective(s) 

Search Date and 
Databases Used 

Inclusion Criteria Method of 
Quality 

Assessment Study Design Population Intervention(s) Comparator(s) Outcome(s) 

References of identified 
studies were reviewed to 
identify additional studies. 

Australia 
Medical 
Services 
Advisory 
Committee, 
201034 

To systematically 
review the evidence 
on the clinical 
effectiveness of 
middle ear implants 
for patients with mild 
to severe 
sensorineural, 
conductive, or mixed 
hearing loss 

Search date 

Inception to August 2009 

Databases searched  

PubMed 

Cochrane library 

Embase 

Current Contents 

All designs except 
non-systematic 
reviews, case 
reports, letters, 
editorials, and 
animal, in vitro, 
and laboratory 
studies 

Adults with mild to 
severe 
sensorineural, 
conductive, or 
mixed hearing loss 

Middle ear 
implants (Vibrant 
Soundbridge, 
Otologics middle 
ear transducer, 
Envoy Esteem, 
Rion device, 
Soundtec Direct 
Drive Hearing 
System) 

Bone-anchored 
hearing aids 

Cochlear implants 

Functional gains 

Speech perception 

Quality of life 

Adverse events 

Dimensions of 
evidence from 
the National 
Health and 
Medical 
Research 
Councila 

Bezdjian et 
al, 201748 

To systematically 
review published 
papers presenting 
Sophono implanted 
patients to delineate 
the device’s functional 
improvement and 
perioperative 
outcomes 

Search date 

1975 to August 2016 

Databases searched  

PubMed 

Embase 

Cross-reference checking 
was conducted to retrieve 
studies not identified in 
the initial search strategy. 

All designs except 
case reports, 
letters, 
commentaries, 
literature reviews, 
abstracts  

Adults and children 
with single-sided 
deafness or 
conductive or mixed 
hearing loss 

Sophono  No treatment 

 

Hearing thresholds 

Adverse events  

Critical appraisal 
checklistb 

Colquitt et 
al, 201149 

To assess the clinical 
effectiveness of bone-
anchored hearing aids 
for people who are 
bilaterally deaf 

Search date 

Inception to November 
2009 

Databases searched 

Web of science 

CENTRAL 

Cochrane library 

DARE 

Embase 

CRD 

Health Management 
Information Consortium 

MEDLINE 

Web of knowledge 

Reference lists of 
retrieved articles were 

RCTs 

Controlled clinical 
trials 

Prospective 
cohort studies and 
case series  

Cross-sectional 
studies 

 

Adults and children 
with bilateral 
hearing loss 

Bone-anchored 
hearing aids  

No treatment 

Conventional 
hearing aids 

Bone-conduction 
hearing aids 

  

Audiometry 

Speech audiometry 

Self-reported measures 

Quality 
assessment 
criteria by Thomas 
and colleagues122 
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Author, 
Year Objective(s) 

Search Date and 
Databases Used 

Inclusion Criteria Method of 
Quality 

Assessment Study Design Population Intervention(s) Comparator(s) Outcome(s) 

examined for additional 
studies. 

Expert advisory group and 
manufacturers were 
contacted for additional 
references. 

Danhauer et 
al, 201050 

To determine if the 
evidence supports the 
recommendation of 
bone-anchored 
hearing aids over 
unaided conditions in 
persons with 
conductive hearing 
loss 

Search date 

Inception to 2010 

Databases searched  

PubMed 

ComDisDome 

CINAHL  

CDSR 

Reference lists of 
retrieved articles were 
hand-searched for 
additional relevant 
studies.  

Systematic 
reviews 

RCTs 

Nonrandomized 
interventional 
studies 

Children with 
congenital unilateral 
aural atresia  

Bone-anchored 
hearing aids  

No treatment 

 

Audibility 

Speech perception 

Sound localization 

Quality of life 

Quality 
assessment 
criteria by Chisolm 
and colleagues123 

Ernst et al, 
201651 

To systematically 
review the safety and 
effectiveness of the 
Vibrant Soundbridge 
in treating conductive 
and mixed hearing 
loss 

Search date 

January 2006 to April 
2014 

Databases searched  

PubMed 

MEDLINE 

Embase 

CRD 

Cochrane library 

The list of study titles was 
supplemented with 
potentially relevant 
publications already 
known by the research 
team. 

The bibliographic 
references of reviews 
were searched to locate 
additional relevant 
materials.  

Did not specify Adults and children 
with conductive or 
mixed hearing loss 

Middle ear 
implants (Vibrant 
Soundbridge) 

No treatment 

Bone-conduction 
hearing 
implantable 
devices 

Middle ear surgery 
with conventional 
hearing aids 

Hearing thresholds 

Functional gains 

Speech recognition 

Subjective outcomes 

Adverse events 

Levels of 
evidence from 
Oxford Centre for 
Evidence-Based 
Medicine120 

 

Checklist from the 
Evidence Analysis 
Library, Academy 
of Nutrition and 
Dieteticsc 
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Author, 
Year Objective(s) 

Search Date and 
Databases Used 

Inclusion Criteria Method of 
Quality 

Assessment Study Design Population Intervention(s) Comparator(s) Outcome(s) 

Johnson et 
al, 200652 

To systematically 
review the non-
acoustic benefits for 
adult patients 
receiving bone-
anchored hearing aids 
relative to other forms 
of amplification  

Search date 

Did not specify 

Databases searched  

PubMed 

ComDisDome 

Randomized 
controlled trials 

Nonrandomized 
interventional 
studies 

Cohort studies 

 

Adults and children 
with conductive or 
mixed hearing loss  

Bone-anchored 
hearing aids  

No treatment 

 

Quality of life 

 

Quality 
assessment 
criteria by Taylor 
et al124 

Kim et al, 
201745 

To analyze the 
present capabilities of 
bone-anchored 
hearing aids in the 
context of single-sided 
deafness and to 
evaluate their efficacy 
in improving speech 
recognition in noisy 
condition, sound 
localization, and 
subjective outcomes 

Search date 

Inception to August 2015 

Databases searched  

Cochrane library 

MEDLINE 

Embase 

 

Relevant conference 
proceedings were hand-
searched.  

RCT 

Non-RCT 

Cohort studies 

Before-and-after 
studies 

Case–control 
studies 

Adults and children 
with single-sided 
deafness or 
unilateral hearing 
loss 

Bone-anchored 
hearing aids  

No treatment 

 

Speech discrimination 
in noise 

Sound localization 

Subjective benefits 

Adverse events 

Critical 
appraisal 
checklists of the 
Scottish 
Intercollegiate 
Guidelines 
Network125 

Kiringoda 
and Lustig, 
201356 

To summarize 
available peer-
reviewed literature to 
describe the range 
and rate of 
complications related 
to osseointegrated 
hearing aids in adult 
and pediatric patients 

Search date 

Between 2000 and 2011 

Databases searched  

PubMed 

Embase 

 

 

All except case 
reports, general 
reviews, 
commentaries, 
and studies that 
did not include 
patient outcomes, 
that reported 
outcomes 
associated with 
nonstandard 
implantation, or 
were of poor study 
or reporting 
quality 

Adults and children 
who were implanted 
with bone-anchored 
hearing aids 

Bone-anchored 
hearing aids 

No treatment Complications Sackett levels of 
evidence126 

Kitterick et 
al, 201641 

To assess the nature 
and quality of the 
evidence for the use 
of hearing instruments 
in adults with 
unilateral severe to 
profound 

Search date 
Inception to February 
2015 

Databases searched  

PubMed 

Cochrane library 

CINAHL 

All except 
published 
abstracts, articles 
published in non-
peer-reviewed 
publications and 

Adults with 
unilateral severe to 
profound 
sensorineural 
hearing loss 

Cochlear implants 

Bone-conduction 
devices 

No treatment 

Contralateral 
routing of signals 

Speech perception 

Sound localization 

Quality of life 

Adverse events 

Downs and 
Black risk of 
bias checklist127 
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Author, 
Year Objective(s) 

Search Date and 
Databases Used 

Inclusion Criteria Method of 
Quality 

Assessment Study Design Population Intervention(s) Comparator(s) Outcome(s) 

sensorineural hearing 
loss 

DARE 

MEDLINE 

Embase 

Other databases were 
searched using their 
public-facing websites.  

Reference lists of articles 
that met the inclusion 
criteria were searched for 
potentially eligible articles. 

unpublished 
studies 

Klein et al, 
201253 

To examine the safety 
and effectiveness of 
fully implantable 
middle ear devices in 
the treatment of 
hearing loss 

Search date 
Inception to September 
2011 

Databases searched  
MEDLINE 

Embase 

Cochrane library 

Web of science 

CINAHL 

PsycINFO 

CRD 

Unpublished and non-
peer-reviewed literature 
was located through 
Internet searches using 
Google and scans of 
websites of manufacturers 
and professional 
associations. 

The electronic search was 
supplemented by a 
manual search of the 
references lists from 
included studies.  

All except 
editorials and 
comments 

Adults and children 
with sensorineural, 
conductive or mixed 
hearing loss 

Middle ear 
implants (Carina, 
Esteem)  

No treatment 

Conventional 
hearing aids 

 

Functional gains 

Speech reception 

Speech recognition  

Quality of life 

Averse events  

Levels of 
evidence from 
Oxford Centre 
for Evidence-
Based 
Medicine120 

Mandavia et 
al, 201742 

To provide 
stakeholders with a 
transparent and 
pragmatic 
assessment of the 

Search date 

Inception to September 
2016 

Databases searched  

All except 
conference 
proceedings and 
letters 

Adults and children 
with single-sided 
deafness or 
conductive or mixed 
hearing loss  

Bone-conduction 
devices 

Did not specify 

 

Did not specify 

  

GRADE36 
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Author, 
Year Objective(s) 

Search Date and 
Databases Used 

Inclusion Criteria Method of 
Quality 

Assessment Study Design Population Intervention(s) Comparator(s) Outcome(s) 

quality of the body of 
evidence available to 
inform current UK 
national policy on 
bone-conducting 
hearing devices  

MEDLINE 

Embase 

Medical 
Advisory 
Secretariat, 
200254 

To assess the 
effectiveness and 
cost-effectiveness of 
bone-anchored 
hearing aid in 
improving the hearing 
of people with 
conductive or mixed 
hearing loss 

Search date 

January 1990 to May 
2002 

Databases searched  

Cochrane library 

MEDLINE 

Embase 

CCOHTA reports 

INAHTA 

AHRQ 

Websites of Health 
Canada, Food and Drug 
Administration, and 
manufacturers were 
searched.  

Systematic 
reviews 

RCTs 

Nonrandomized 
controlled studies 

Case series 

Adults and children 
with conductive or 
mixed hearing loss  

Bone-anchored 
hearing aids 

No treatment 

Conventional 
hearing aids 

Bone-conduction 
hearing aids 

Hearing thresholds  

Speech recognition in 
quiet and noise 

Patient satisfaction 

Adverse events 

Goodman’s 
hierarchy of 
levels of 
evidence128 

Peters et al, 
201546 

To systematically 
review the literature 
on the clinical 
outcomes of bone-
conduction devices 
and contralateral 
routing of sound 
systems for patients 
with single-sided 
deafness 

Search date 

Inception to April 2014 

Databases searched  

PubMed 

Embase 

Cochrane library 

CINAHL 

Cross-reference checking 
and related article search 
were performed. 

All except 
narrative reviews, 
case reports, and 
symposium 
programs 

Adults with single-
sided deafness 

Bone-conduction 
devices 

Contralateral 
routing of signals 

No treatment 

 

Speech perception in 
noise 

Sound localization 

Subjective benefits 

Critical 
appraisal 
checklistd 

Peters et al, 
201638 

To systematically 
review the literature 
on cochlear 
implantation for 
children with unilateral 
hearing loss 

Search date 

Inception to June 2015 

Databases searched  

PubMed 

Cochrane library 

CINAHL 

All except 
abstracts, non-
peer-reviewed 
articles 

Children with 
unilateral or 
asymmetrical 
hearing loss 

Cochlear implants No treatment 

 

Speech perception 

Sound localization 

Quality of life 

Speech and language 
development 

Critical 
appraisal 
checklistd 
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Author, 
Year Objective(s) 

Search Date and 
Databases Used 

Inclusion Criteria Method of 
Quality 

Assessment Study Design Population Intervention(s) Comparator(s) Outcome(s) 

Embase 

Sprinzl and 
Wolf-
Magele, 
201643 

To assess the safety 
and effectiveness of 
the Bonebridge for 
individuals with 
conductive or mixed 
hearing loss and 
single-sided deafness 

Search date 

Inception to June 2014 

Databases searched  

PubMed 

Cochrane library 

MEDLINE 

Embase 

Literature was 
supplemented by 
presentations from 
relevant conferences. 

All Adults and children 
with conductive or 
mixed hearing loss 
and single-sided 
deafness 

Bonebridge No treatment 

Conventional 
hearing aids  

 

Functional gains 

Speech perception 

Subjective benefits 

Patient satisfaction 

Adverse events 

National Health 
and Medical 
Research 
Council levels 
and grades of 
evidencee 

van Zon et 
al, 201539 

To systematically 
review the literature to 
evaluate clinical 
outcomes of cochlear 
implantation for 
patients with single-
sided deafness or 
asymmetrical hearing 
loss  

Search date 

Inception to December 
2013 

Databases searched  

PubMed 

Cochrane library 

CINAHL 

Embase 

Cross-reference and 
related article search was 
performed.  

All except 
narrative reviews, 
case reports 

 

Adults with single-
sided deafness or 
asymmetrical 
hearing loss 

Cochlear implants  No treatment 

 

Speech perception 

Sound localization 

Quality of life 

Tinnitus 

 

Critical appraisal 
checklistd 

Verhaert et 
al, 201355 

To systematically 
review the literature 
on clinical outcomes 
and safety of acoustic 
hearing implants in 
adults with mixed 
hearing loss 

Search date 

Inception to March 2013 

Databases searched  

MEDLINE 

Cochrane library 

Embase 

All except case 
reports, narrative 
reviews, editorials 

Adults with mixed 
hearing loss 

Cochlear implants 

Bone-anchored 
hearing aids 

Middle ear 
implants 

 

No treatment 

Conventional 
hearing aids 

Functional gains 

Speech perception 

Self-reported outcomes 

Adverse events 

Levels of 
evidence from 
Oxford Centre for 
Evidence-based 
Medicine120 

Quality 
assessment 
criteriaf 

Vlastarako 
et al, 201440 

To critically review the 
current evidence on 
the efficacy of 
cochlear implantation 
as a treatment 
modality for single-

Search date 

Inception to May 2013 

Databases searched  

MEDLINE 

Did not specify  

 

Adults and children 
with postlingual 
single-sided 
deafness and/or 
unilateral tinnitus 

Cochlear implants No treatment 

 

Speech perception 

Sound localization 

Tinnitus 

Quality of life 

Evidence-based 
guidelines for the 
categorization of 
medical studies129 
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Author, 
Year Objective(s) 

Search Date and 
Databases Used 

Inclusion Criteria Method of 
Quality 

Assessment Study Design Population Intervention(s) Comparator(s) Outcome(s) 

sided deafness and/or 
unilateral tinnitus 

Other available database 
sources 

Reference lists from the 
retrieved articles were 
manually search.  

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; CCOHTA, Canadian Coordinating Office for Health Technology Assessment; CDR, Cochrane Database of Systematic Reviews; CENTRAL, Cochrane 
Central Register of Controlled Trials; CINAHL, Cumulative Index to Nursing and Allied Health Literature; CRD, Centre for Reviews and Dissemination; DARE, Database of Abstracts and Reviews of Effects; GRADE, 
Grading of Recommendations Assessment, Development and Evaluation; INAHTA, International Network of Agencies for Health Technology Assessment; RCT, randomized controlled trial. 
aMethodological quality was assessed in 3 domains: strength of the evidence, size of the effect, and relevance of the evidence. 
bDirectness of evidence was assessed using 6 criteria: indication for surgery (clearly reported diagnosis), demographic data (including age at surgery, gender, implant laterality), description of surgical technique, 
complications, audiological improvement (in dB), and follow-up time (in months). Risk of bias was assessed using 5 criteria: loss to follow-up, standardization of treatment, standardization of complication (according to the 
Holgers classification), missing data and standardization of audiological tests (audiological performance assessed according to a protocol and by an individual other than the surgeon). 
cQuality assessment criteria included conflict of interest, power analysis, confounding factors considered, appropriate statistical analysis, sufficient follow-up, outcomes clearly defined, extra/unplanned treatment described, 
interventions specified, withdrawals/excluded or lost to follow-up, sample characteristics described, inclusion/exclusion criteria defined, research question clearly specified, prospective study. 
dRisk of bias was assessed by blinding, randomization, allocation concealment, standardization of interventions, standardization of outcome measures, and completeness of outcome data for primary outcome. Directness of 
evidence assessed outcome measurements with respect to patient population, treatment intervention, and outcome measurements. 
eQuality of evidence was assessed by evidence base (number of studies, level of evidence and risk of bias), consistency, clinical impact, generalizability, and applicability.  
fQuality of studies was assessed based on ethical approval, prospective study, eligibility criteria specified, power calculation made, appropriate controls and outcome measures used, confounding factors reported and 
controlled for, appropriate analysis made, and any missing data accounted for. 
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Appendix 5: Ongoing Reviews of Implantable Devices for Single-Sided Deafness and Conductive 
or Mixed Hearing Loss 

ID (Registry) Title Review Question(s) 

CRD42017078285 
(PROSPERO) 

The efficacy of bone-anchored 
hearing implants in children 

What is the efficacy of bone-anchored hearing implants in children with an indication for a percutaneously applied bone-
conduction device? 

CRD42017080811
(PROSPERO) 

Quality of life and hearing with 
the use of middle ear implant: a 
systematic review and meta-
analysis 

In patients with conductive hearing loss, mixed hearing loss or unilateral hearing loss, how do middle ear implants 
compare to pre-implantation hearing aids in quality of life and hearing? 

CRD42017075696
(PROSPERO) 

Bone-anchored hearing aids 
skin complications in the 
pediatric population: systematic 
review with meta-analysis 

How does the rate of skin complications of percutaneous bone-conduction implants compare to transcutaneous bone-
conduction implants? 

How does the rate of implant loss of percutaneous bone-conduction implants compare to transcutaneous bone-
conduction implants? 

How does the rate of re-operation related to implantation of percutaneous bone-conduction implants compare to 
transcutaneous bone-conduction implants? 

CRD42017079675
(PROSPERO) 

Quality of life and hearing after 
the implant of bone anchored 
hearing aid: a systematic review 
and meta-analysis 

In patients with conductive hearing loss, mixed hearing loss or unilateral hearing loss, how do bone-anchored hearing 
aids compare to pre-implantation hearing aids in quality of life and hearing? 
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Appendix 6: Critical Appraisal of the Economic Evidence Review 

Table A6: Results of Applicability Checklist for Studies Included in the Economic Evidence Review 

Objective: To assess the cost-effectiveness of hearing implants 

Author, Year 

Is the study 
population 
similar to the 
question? 

Are the 
interventions 
similar to the 
question? 

Is the health care 
system in which 
the study was 
conducted 
sufficiently 
similar to the 
current Ontario 
context? 

Were the 
perspectives 
clearly stated 
and what were 
they? 

Are 
estimates of 
relative 
treatment 
effect from 
the best 
available 
source? 

Monksfield et al, 
201162 

Partly Partly Partly Yes. UK health 
care payer 

Partly 

 

Author, Year 

Are all future 
costs and 
outcomes 
discounted? 
(If yes, at what 
rate?) 

Is the value of 
health effects 
expressed in 
terms of quality-
adjusted life-
years? 

Are costs and 
outcomes from 
other sectors fully 
and appropriately 
measured and 
valued? 

Overall judgement 
(directly 
applicable/partially 
applicable/ 
not applicable) 

Monksfield et al, 
201162 

Yes. 3.5% 
discounting 

Yes No Partially applicable 
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Table A7: Methodological Quality of Studies Included in the Economic Evidence Review 

Objective: To assess the cost-effectiveness of hearing implants 

Author, Year 

Does the 
model 
structure 
adequately 
reflect the 
nature of 
the health 
condition 
under 
evaluation? 

Is the time 
horizon 
sufficiently 
long to 
reflect all 
important 
differences 
in costs and 
outcomes? 

Are all 
important 
and 
relevant 
health 
outcomes 
included? 

Are the 
estimates 
of relative 
treatment 
effects 
obtained 
from best 
available 
sources? 

Do the 
estimates 
of relative 
treatment 
effect 
match the 
estimates 
contained 
in the 
clinical 
report? 

Are all 
important 
and 
relevant 
(direct) 
costs 
included 
in the 
analysis? 

Are the 
estimates 
of 
resource 
use 
obtained 
from best 
available 
sources? 

Monksfield et al, 
201162 

N/A. 
Piggybacked 
evaluation 

Yes. Lifetime Partly Partly. Small 
sample size; 
both HUI2 
and HUI3 
used 

Unclear. 
Unclear if 
authors used 
individual 
utility data or 
the mean 
utility to 
derive 
QALYs 

Partly Yes 

 

Author, Year 

Are the unit 
costs of 
resources 
obtained 
from best 
available 
resources? 

Is an 
appropriate 
incremental 
analysis 
presented or 
can it be 
calculated 
from the 
reported 
data? 

Are all 
important and 
uncertain 
parameters 
subjected to 
appropriate 
sensitivity 
analysis? 

Is there a 
potential 
conflict of 
interest? 

Overall assessment 
including 
applicability to the 
project 

(Minor limitations/ 
potentially serious 
limitations/very 
serious limitations) 

Monksfield et al, 201162 Yes Yes No. Only 
deterministic 
sensitivity 
analyses for 
discount rates 

No Potentially serious 
limitations. Based on 
uncontrolled before-and-
after study 

Abbreviations: HRQOL, health-related quality of life; HUI2, Health Utilities Index Mark II questionnaire; HUI3, Health Utilities Index Mark III questionnaire; N/A,  
not applicable; QALY, quality-adjusted life-year.  
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Appendix 7: Inputs and Results for the Primary Economic Evaluation 

Complications 

Table A8 presents the inputs for major and minor complications used in the three economic 

models. Note that the probabilities of explantation and re-implantation are conditional 

probabilities (explantation is conditional on having had a major complication, and re-implantation 

is conditional on having had a device removed). Also note that some of the distributions used for 

probabilities for those two variables were uniform rather beta. Given the small sample sizes in 

data sources used to estimate the probability of explantation or re-implantation conditional on 

having had a major complication, we used uniform distributions to place equal weighting across 

a range of probabilities. 

Table A8: 6-Month Probability of Complications After a Hearing Implant, Sensitivity Analyses 

Complications Probability SD 
Distribut

ion Reference 

Sensitivity analyses 

Models 2 and 3: Bone-conduction implants for single-sided deafness and conductive/mixed hearing loss 

Minor complications, active percutaneous 
devices, adults 

0.072 0.0072a Beta Gluth et al, 201091 

Minor complications, active transcutaneous 
devices, children 

0.0283 0.0028a Beta Sprinzl and Wolf-Magele, 
201543 

Major complications, active percutaneous 
devices, adults 

0.0150 0.0015a Beta Badran et al, 200970 

Conditional probability explantationb 0.54 ±10% Uniform Badran et al, 200970 

Conditional probability re-implantationc 0.77 ±10% Uniform Badran et al, 200970 

Major complications, active transcutaneous 
devices, children 

0.0043 0.0004a Beta Sprinzl and Wolf-Magele, 
201543 

Conditional probability explantationb 0.41 ±10% Uniform Kraai et al, 201187; Chan et 
al, 201786; Yellon et al, 
200788 (assume same as 
active percutaneous) 

Conditional probability re-implantationc 0.47 ±10% Uniform Chan et al, 201786; Yellon et 
al, 200788 (assume same as 
active percutaneous) 

Model 3 only: Bone-conduction implants for conductive/mixed hearing loss 

Minor complications, passive 
transcutaneous devices, adults and children 

0.1320 0.0132a Beta Bezdjian et al, 201748 

Major complications, passive 
transcutaneous devices, adults and children 

0.0169 0.0017a Beta Bezdjian et al, 201748 

Conditional probability explantationb 0.5 ±10% Uniform MED-EL, 2017130 

Conditional probability re-implantationc 0.5 ±10% Uniform MED-EL, 2017130 

Note: 6-month probabilities are reported unless otherwise stated. 
aSD assumed to be 10% of mean. 
bConditional probability of explantation given a major complication. Calculated as no. of individuals with explantation (either explantation only or re-
implantation) ÷ no. of individuals with major complications.  
cConditional probability of re-implantation given an explantation. Calculated as no. of individuals with re-implantation ÷ no. of individuals with 
explantation (either explantation only or re-implantation).  

file:///C:/Users/lFalk/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/A60E6D0B.xlsx%23RANGE!_ENREF_97
file:///C:/Users/lFalk/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/A60E6D0B.xlsx%23RANGE!_ENREF_43
file:///C:/Users/lFalk/AppData/Local/Microsoft/Windows/INetCache/Content.MSO/A60E6D0B.xlsx%23RANGE!_ENREF_43
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Elective Non-use 

Model 1: Cochlear Implants for Single-Sided Deafness 

Table A9: 6-Month Probabilities of Elective Non-use of Cochlear Implant 

Years After 
Implantation 

Probability of Elective Non-use of Device 

References Adults Children 

Reference case 

All 0.0095 
(assume 10% SD) 

0.0026 
(SD: 0.001) 

Data from OCIPa (adults) and assumption 
(children) 

Sensitivity analysis 

0.5 0.0023 0.0012 Bhatt et al, 200983; Ozdemir et al, 201376 

1 0.0023 0.0012 

1.5 0.0023 0.0012 

2 0.0023 0.0012 

2.5 0.0023 0.0012 

3 0.0023 0.0029 Bhatt et al, 200983; Archbold et al, 200984  

3.5 0.0023 0.0029 

4 0.0014 0.0029 Ray et al, 200685; Archbold et al, 200984  

4.5 0.0014 0.0029 

5 0.0014 0.0029 

5.5 0.0014 0.0029 

6 0.0014 0.0029 

6.5 0.0014 0.0029 

7 0.0014 0.0029 

7.5 0.0014 0.0029 

8 0.0014 0.0631 Ray et al, 200685; Raine et al, 200881 

8.5 0.0014 0.0631 

9 0.0014 0.0881 

9.5 0.0014 0.0881 

≥ 10 0.0014 0.1611 

Sensitivity analysis 

All 0.0026 
(SD: 0.001) 

0 Expert opinion (adults); Polonenko et al, 2017 
(children)82 

Abbreviations: OCIP, Ontario Cochlear Implant Program; SD, standard deviation. 
aWritten communication, Joseph Chen, MD, July 12, 2018. 
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Models 2 and 3: Bone-Conduction Implants for Single-Sided Deafness and 
Conductive or Mixed Hearing Loss 

Table A10: 6-Month Probabilities of Elective Non-use of Bone-Conduction Implant 

 

Probability of Elective Non-use of Device 

Reference Mean SD Distribution 

Reference case 

Model 2: Bone-conduction implants for single-sided deafness  

Adults 0.0064 0.0487 Beta Data from OCIPa 

Children 0.0064 0.0487 Beta No OCIP data; assume 
same as adults 

Model 3: Bone-conduction implants for conductive/mixed hearing loss 

Adults 0.0026 0.0010 Beta Assumption  

Children 0.0877 0.0943 Beta Polonenko et al, 201689 

Sensitivity analysis 

Models 2 and 3: Bone-conduction implants for single-sided deafness and conductive/mixed hearing loss 

Adults, SSD 0.0235 0.0043 Beta Expert opinion 

Children, SSD 0.0728 0.0783 Beta Kesser et al, 201390 

Adults and children, CHL/MHL 0.0070 0.0013 Beta Expert opinion 

Adults, CHL/MHL 0 N/A N/A Data from OCIPa 

Adults, CHL/MHL  0.0162 0.0081 Beta Gluth et al, 201091; Hobson 
et al, 201072  

Children, CHL/MHL  0.0104 

 

0.0052 Beta Kraai et al, 2011,87 

Kiringoda and Lustig, 
201356 

Abbreviations: CHL/MHL, conductive/mixed hearing loss; OCIP, Ontario Cochlear Implant Program; N/A, not applicable; SSD, single-sided deafness. 
aPersonal communication, Joseph Chen, MD, July 12, 2018.  

 
 

Utilities 

Model 1: Cochlear Implants for Single-Sided Deafness  

In the reference case, we used utilities derived by a small study (n = 11) using the HUI3 in 
patients with unilateral hearing.99 While we recognize the limitations (i.e., imprecision) of the 
small sample size, this was the only study we identified that was published in full text and/or 
conducted using the HUI3. We have previously described the benefits of using the HUI3 to 
derive utilities for hearing loss and in an Ontario population (Primary Economic Evaluation, 
Methods, Utilities). In sensitivity analyses, we used utilities estimated using the time trade-off 
technique, obtained from a poster presentation.100  
 

Model 2: Bone-Conduction Implants for Single-Sided Deafness 

In the reference case, we used health utilities from a small Ontario study of adults (n = 16) who 
had received active transcutaneous implants (i.e., Bonebridge) (written communication, Joseph 
Chen, MD, June 13, 2018). In sensitivity analyses, we used health utilities identified from the 



Appendices  March 2020 
 

Ontario Health Technology Assessment Series; Vol. 20: No. 1, pp. 1–165, March 2020 146 

literature.99 While we acknowledge these data may not be fully generalizable to children or other 
device classes, we explore alternative sources through sensitivity analyses.  
 
In adults, we identified one study in single-sided deafness that reported utilities after bone-
conduction implantation.131 The study did not report utilities before implantation and for this 
reason we could not calculate a mean difference associated with bone-conduction implantation. 
Instead, we used a study by Arndt et al99 who measured utilities before any hearing aid 
intervention, and after a testing period with a non-implantable, bone-conduction hearing aid (i.e., 
softband/tension clamp). We assumed the benefits seen after the testing period (mean 
difference = 0.11) are the same as benefits seen after bone-conduction implantation. The 
sample size in this study was also small (n = 11). We did not identify any relevant studies 
specific to children, so we used these values in sensitivity analyses as well. 
 

Model 3: Bone-Conduction Implants for Conductive/Mixed Hearing Loss 

In the reference case, we used health utilities of adults in Ontario (n = 34) using active 
transcutaneous implants. In sensitivity analyses, we used health utilities identified from the 
literature. 
 
We identified two partially relevant studies from the literature that used the HUI3. Both were 
conducted in adults with mixed types of hearing loss (i.e., including conductive, mixed, unilateral 
and/or bilateral sensorineural hearing loss). One assessed quality of life after patients received 
a middle ear implant71 and the other after bone-anchored hearing devices62. Both studies 
reported a mean HUI3 difference of 0.09 after implantation. Edfeldt et al71 included some 
patients with bilateral sensorineural hearing loss and some patients who had used conventional 
hearing aids. Therefore, in our sensitivity analyses, we used the values derived from Monksfield 
et al,62 which were based on active percutaneous devices. We did not identify any relevant 
studies specific to children, so we used these values in sensitivity analyses as well.  
 

Costs Associated with Complications 

We calculated the “average” cost of a minor complication and a major complication for each 
economic model. This was done by finding the frequency of different complications among 
adults and children (minor complications included tinnitus and pain; major complications 
included revision surgery for infections and cholesteatoma). The relative frequencies were used 
as weights to multiply by the cost of each type of complication. The relative frequencies used 
were based on the previous Health Quality Ontario health technology assessment.29 The sum of 
these products provided the final weighted average cost. We used only one set of average costs 
as a simplifying assumption across all three economic models, and tested the other average 
costs in sensitivity analyses. Table A11 provides details for these calculations. 
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Table A11: Costs of Complications for Adults and Children Receiving a Hearing Implant, Weighted 
Average Calculations 

Variable 
Unit 

 Cost, $ 
Weight 
(Adults) 

Weight 
(Children) 

Cost 
Components 

References for 
Costs 

References for 
Weights 

Minor complications  

Infection (skin 
infections, otitis 
media) 

93.88 0.1458 0.6486 Emergency 
department 
assessment and 
antibioticsa,b 

Schedule of 
Benefits 
(H065)103  

Farinetti et al, 
201458; Venail 
et al, 200857 

Neurological 
complications (facial 
palsy, dysgeusia) 

49.23 0.1250 0.0541 Specific 
assessment and 
corticosteroidsb,c 

Schedule of 
Benefits 
(A013)103; 
Ontario Drug 
Benefit 
Formulary106 

Farinetti et al, 
201458; Venail 
et al, 200857 

Pain (facial 
stimulation, other) 

74.25 0.1458 0.0541 Emergency 
department 
assessment 

Schedule of 
Benefits 
(H065)103 

Farinetti et al, 
201458; Venail 
et al, 200857 

Tinnitus (worsening or 
new occurrence) 

47.50 0.2292 0.0000 Specific 
assessment  

Schedule of 
Benefits 
(A013)103 

Farinetti et al, 
201458; Venail 
et al, 200857 

Vestibular 
complications (vertigo, 
dizziness) 

90.65 0.3542 0.1351 Specific 
assessment and  
CT scan 

Schedule of 
Benefits (A013, 
X001)103 

Farinetti et al, 
201458; Venail 
et al, 200857 

Other complications 
(cerebrospinal fluid 
leak hematoma, 
atlantoaxial 
subluxation) 

74.25 0.0000 0.1081 Emergency 
department 
assessment 

Schedule of 
Benefits 
(H065)103  

Farinetti et al, 
201458; Venail 
et al, 200857 

Average cost, minor complications:      

Adults 73.66      

Children 87.84      

Major complications 

Revision (infection)d 670.08 0.25 0.57 Surgical 
drainage 

OCC day 
surgery 
2016/2017105  

Farinetti et al, 
201458 

Revision 
(cholesteatoma)e 

2,190.93 0.25 0.14 Surgery OCC day 
surgery 
2016/2017105 

Farinetti et al, 
201458 

Revision (other) 4,427.05 0.50 0.29 Surgery Merdad et al, 
2014104 

 

Average cost, major complications:      

Adults 2,928.78      

Children 2,761.26      

Abbreviations: CT, computed tomography; OCC, Ontario Case Costing. 
aOutpatient drug costs not included for individuals > 24 years or < 65 years. 
bDrug cost of treating otitis media in Ontario using amoxicillin in all patients.107  
cAssumes prednisolone 50 mg/day × 10 days.132  
dIncluding Canadian Classification of Health Initiatives codes 1DA52, 1DE52, 1DK52, 1DL52, 1DN52, 1DR52. 
eIncluding Canadian Classification of Health Initiatives codes 1DK87, 1DL87. 
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Results  

Table A12: Selected Results From Scenario Analyses: Public Payer Scenario and Lower and 
Upper Range of Incremental Cost-Effectiveness Ratios  

Economic Model Scenario ICER, $/QALY 

Model 1, adults Reference case 18,148 

Lower ICER: lifetime time horizon and increased risk of mortality 
associated with no intervention 

13,165 

Upper ICER: mean difference in utilities based on time trade-off 
method 

55,655 

Public payer,a plus 100% receiving rehabilitation (2 one-hour 
sessions) 

20,237 

Model 1, children Reference case 17,783 

Lower ICER: lifetime time horizon and increased risk of mortality 
associated with no intervention 

11,293 

Upper ICER: mean difference in utilities based on time trade-off 
method 

54,038 

Public payer,a 100% receiving rehabilitation (weekly for 18 
months) 

20,645 

Model 2, adults Reference case 408,350 

Lower ICER: age of implantation at 80 years and increased risk of 
mortality associated with no intervention 

29,071 

Upper ICER: ADP pays for full price of sound processor 
replacements 

450,927 

Public payera 404,732 

Model 2: children Reference case 402,899 

Lower ICER: utilities based on literature 43,842 

Upper ICER: disutilities applied to all complications  2,277,930 

Public payera 477,640 

Model 3, adults Reference case 74,155 

Lower ICER: lifetime time horizon and increased risk of mortality 
associated with no intervention 

24,730 

Upper ICER: ADP pays for full price of sound processor 
replacements 

90,372 

Public payera 81,104 

Model 3: children Reference case 87,580 

Lower ICER: utilities based on literature 34,054 

Upper ICER: disutilities applied to all complications 105,569 

Public payera 91,591 

Abbreviations: ADP, assistive devices program; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year. 
aIn the public payer scenario, the Ministry of Community and Social Services pays the remainder of the sound processor replacement cost not covered 
by the Ministry of Health’s Assistive Devices Program, in the 40% of individuals who are considered low-income. 
Note: Model 1 examined cochlear implants for single-sided deafness; Model 2, bone-conduction implants for single-sided deafness; Model 3, bone-
conduction implants for conductive/mixed hearing loss.  
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Sensitivity Analysis Results 

The tornado diagrams in Figures A1 to A3 summarize the one-way deterministic sensitivity 
analyses. Each horizontal bar represents the variation of incremental cost-effectiveness ratios 
(ICERs) around the deterministic reference case ICER (vertical line) as one model input was 
varied over a range of values. Inputs that generate the widest bars have the greatest influence 
on cost-effectiveness results. These inputs are considered sensitive. The figures present only 
the most sensitive inputs.  
 

 
 

Figure A1: Tornado Diagram for Cost-Effectiveness of Cochlear Implants for People With  
Single-Sided Deafness  

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year. 
aParameter led to range from negative infinity to positive infinity.  
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Figure A2: Tornado Diagram for Cost-Effectiveness of Bone-Conduction Implants for People With 
Single-Sided Deafness  

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year. 
aParameter led to range from negative infinity to positive infinity.  
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Figure A3: Tornado Diagram for Cost-Effectiveness of Bone-Conduction Implants for People With 
Conductive/Mixed Hearing Loss  

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year. 
aParameter led to range from negative infinity to positive infinity.  
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Appendix 8: Budget Impact Analysis 

Annual Per-Patient Costs  

Table A13: Per-Patient Costs to the Ministry of Health With and Without Targeted Public  
Funding of Hearing Implants, Years 1 to 5 

Scenario 

Per-Patient Costs to Ministry, $  

Year 1 Year 2 Year 3 Year 4 Year 5 

Model 1: Cochlear implants for single-sided deafness 

With targeted public funding      

Adults 32,209 273 267 216 256 

Children 32,553 463 303 301 299 

No targeted public funding      

Adults 7,209 273 267 216 256 

Children 32,553 463 303 301 299 

Model 2: Bone-conduction implants for single-sided deafness 

With targeted public funding      

Adults 16,101 104 101 101 3,076 

Children 14,344 443 391 389 3,308 

No targeted public funding      

Adults 11,701 104 101 101 3,076 

Children 14,344 443 391 389 3,308 

Model 3: Bone-conduction implants for conductive/mixed hearing loss 

With targeted public funding      

Adults 16,100 103 100 100 3,032 

Children 14,313 356 297 295 2,512 

No targeted public funding      

Adults 11,700 103 100 100 3,032 

Children 14,313 356 297 295 2,512 
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Appendix 9: Call for Participationa 

 
 

 
 
 
a Health Quality Ontario is now the Quality business unit at Ontario Health. 
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Appendix 10: Interview Guide 

Overview: What is Health Quality Ontario’sb mandate? What is health technology 
assessment? 
 

Health Quality Ontariob is a provincial agency dedicated to ensuring our health care system 
delivers a better experience of care and better outcomes for Ontarians at better value for 
money. Part of this role includes evaluating the effectiveness of health care technologies and 
services through a process called health technology assessment. 
 

Health technology assessment projects involve rigorous clinical and economic evidence review 
on the effective, safety, and cost of technologies while considering the perspectives of patients 
and caregivers who have experience with the condition or technology in question. We are 
currently reviewing hearing implants in adults. I am calling you to hear about your experience 
with hearing loss and the treatment options available.  
 

Question 1:  

• What kind of health conditions do you (your loved one) have? 

• What are the biggest challenges of living/caring for someone with hearing loss?  

• How does it impact your day-to-day routine? How would you describe your quality of 
life? 

 

Question 2:  

• What kind of treatments are you aware of and which are the ones you have explored? 
 

Question 3: If patients/caregivers are waiting for treatment: 

• What are the potential benefits and risks of the different treatments in their opinion? 

• Was it difficult to weigh potential risks/benefits with the type of treatment? 
 

Question 4: If patients/caregivers have not had hearing implants: 

• How did that procedure meet/not meet their needs? How was it adequate/inadequate? 
QOL, Empowerment? Ownership? Adherence? Lifestyle? 

• What were the side effects and benefits? Anxiety, painful, intrusiveness? 

• Were there issues related to cost, access, knowledge of health care system, etc.? 
Travel, repeat visits 

• What challenges did this treatment address? 
 

Question 5: If patients/caregivers have had hearing implants: 

• How did it meet/not meet their needs? QOL, Empowerment? Ownership? Adherence? 
Lifestyle?  

• What were the side effects and benefits? Invasiveness, follow-ups? Anxiety, painful? 

• Were there issues related to cost, access, knowledge of health care system, etc.? 
Travel, repeat visits 

• What challenges would hearing implant address? How will it be beneficial or not 
beneficial? 

 

Thank you for sharing your story and your insights on this condition and the available 
technologies. We will use these insights to draft a report and recommendation for funding. The 

 
 
 
b Health Quality Ontario is now the Quality business unit at Ontario Health. 
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draft report will be posted on our public website for comments, and we would welcome you to 
review and share your thoughts on it. If you wish, we could email you to alert you about this 
posting.  

If we do not have their email, request it and add to the stakeholder list.
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