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Abstract

Purpose of Review To summarize and critically review recent literature on the relative cost-effectiveness of hearing aug-
mentation versus stapes surgery for the treatment of otosclerosis.

Recent Findings Otosclerosis leads to reduced patient quality of life, which can be ameliorated by either stapes surgery, or
hearing aid usage. The success of stapes surgery is high, and the risks of serious postoperative complications are low. Hearing
aids don’t have the complications of surgery but are associated with long-term costs. Cost-effectiveness models have shown
that stapes surgery is a cost-effective method for treating otosclerosis.

Summary Both stapes surgery and hearing aids can improve patient-reported quality of life in otosclerosis. Stapes surgery
has larger upfront costs and surgical risks, but hearing aids are associated with longer lifetime costs. Stapes surgery is cost-

effective for the treatment of otosclerosis.
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Introduction

Otosclerosis is an idiopathic disorder defined by abnormal
bony remodeling in the otic capsule. This process leads to sta-
pes footplate fixation, causing a progressive hearing loss that
is primarily conductive in nature, but may have sensorineural
components as well, especially in advanced disease. The cur-
rent management paradigm for hearing loss due to otosclerosis
is hearing amplification with a hearing aid or stapes surgery
which can be accomplished either through stapedectomy or
stapedotomy [1]. Although these are the two most common
methods, there are other options. For those who are hesitant
to undergo stapes surgery but struggle with traditional hearing
aids the bone implanted hearing aid (BAHA) is an option [2].
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Finally, in severe otosclerosis, cochlear implantation can be
considered [1].

One way to compare different interventions in medicine is
to analyze their cost-effectiveness. This provided a compre-
hensive value comparison between treatment options, factoring
in cost of complications as well. In addition to incorporating
outcomes, cost—benefit analyses can also incorporate patient-
reported health measures and quality of life (QoL) in determin-
ing the efficacy of treatment options. Cost-effectiveness models
can be helpful in analyzing surgery versus hearing aids in the
treatment of otosclerosis as the success of surgery and hearing
amplification by assessing cost, patient satisfaction, and qual-
ity of life. Additionally, surgery has a larger upfront cost while
hearing aids are associated with a smaller but continuing cost
over many years. Lastly, surgery is associated with several com-
plications not seen with hearing aids. These individual factors
can be combined in cost-effectiveness models to give a more
complete picture of the relative value of each treatment strategy.

Quality of Life With Otosclerosis

The disease process of otosclerosis is known to be associated
with a decreased quality of life, most commonly attributed to
the symptom of hearing loss. Hearing loss is known to have
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multisystem effects on an individual, including restrictions
in physical and social behaviors, and in older adults, it can
influence the progression of dementia and cognitive decline
[3]. Hearing loss has also been shown to be associated with
a variety of psychological concerns including anxiety, stress,
and depression [4]. Unilateral hearing loss, as is commonly
seen in otosclerosis, has significant impacts in functional-
ity as well, even in younger adults. Unilateral hearing loss
increases difficulty with understanding speech in noise,
sound localization, and detection of sound located on the
side of the affected ear [5]. Unilateral hearing loss is also
known to lead to psychosocial stress in these patients [6].

Hearing loss is associated with tinnitus and this is true
in otosclerosis as well. In a study of 248 adults, undergoing
stapedotomy for otosclerosis 64% reported chronic tinnitus
[7]. Tinnitus can cause severe emotional distress for patients
[8] and is an important consideration in determining patient
quality of life in otosclerosis.

Although otosclerosis is commonly associated with hear-
ing deficits, there is evidence of vestibular system involve-
ment as well. Although vestibular system involvement is
thought to be limited to advanced cases of otosclerosis that
involve the bony labyrinth [9, 10], some papers report up to
30% of patients with otosclerosis report vestibular symp-
toms including unsteadiness, dizziness, and even vertiginous
attacks [11]. However, this is not something we commonly
see in our vestibular clinic.

The overall QoL in otosclerosis can be difficult to deter-
mine. There are a variety of different scales that assess over-
all QoL as well as health-related quality of life (HRQoL)
that have been used in otosclerosis. Research shows that the
overall health utility score for hearing loss is dependent on
the measure that is chosen. For example, in a 2005 paper
Barton, Bankart, and Davis[12] investigated the HRQoL
in over 900 individuals with hearing loss using multiple
HRQoL tools and found that, although all patients reported
a significantly decreased QoL regardless of the measure that
was used, all of the scores were significantly different from
one another.

Quality of Life After Stapes Surgery

Stapes surgery for the treatment of otosclerosis has a high
success rate in improving hearing of roughly 90% [13].
Even individuals with severe to profound hearing loss can
see some improvement after stapes surgery [14]. There are
two major drawbacks to stapes surgery, the first being that
patients may require revision surgery, and the second is that
patients may continue to have disease progression that will
eventually require hearing amplification despite surgery.
The rate of revision surgery is roughly between 10-20% of
individuals who undergo stapes surgery [15], and 3.5% of

surgical patients will have progression of hearing loss that
requires amplification every year after stapes surgery [16].
There is also a 1% risk of postsurgical deafness in the treated
ear [17].

Previously success in stapes surgery was based loosely on
the Belfast 15/30 rule of thumb [18]. This outcome measure
was based on 220 patients with hearing loss who had an
improvement in hearing of at least 10 decibels (dB) after
tympanoplasty or stapes surgery. The authors of this study
found that patients were likely to derive significant benefit
postoperatively if the air conduction threshold in speech
frequencies was less than or equal to 30 dB or if the interau-
ral difference was reduced to at least less than 15 dB. The
Belfast rule of thumb that derives from this defines normal,
symmetrical hearing as a hearing loss of less than 30 dB
and an interaural difference of less than 15 dB at speech fre-
quencies. Therefore, success in stapes surgery had focused
on closure of the air-bone gap on the affected side. Stapes
surgery has roughly 93% hearing improvement postopera-
tively based on audiometric data, based on the Belfast rule of
thumb [19]. However, multiple studies have found that there
is a lack of correlation between postoperative audiometric
results and patient-reported quality of life in stapes surgery
[20, 21].

There have been many studies assessing patient QoL
after stapes surgery, mostly from Germany and Sweden.
Subramaniam et al. [21] assessed a 21 patient cohort and
found that 95% had a closure of air—bone gap to <20 dB,
while only 81.8% reported better postoperative QoL. Chan-
darana et al. found that 96% of their patient cohort reported
improved QoL after stapes surgery primarily based on the
Hearing Handicap Inventory (HHI) [22].

There are a variety of HRQoL scales that can be used to
assess postoperative QoL. In fact, there are more than 50 dif-
ferent patients who reported questionnaires that are used to
assess hearing loss in adults [23, 24]. There is currently one
HRQoL scale that has been developed specifically for oto-
sclerosis, the Stapesplasty Outcomes Test (SPOT-25) [25].
This scale, which is currently only validated in German, is
a 5-point Likert scale that covers hearing, tinnitus, the psy-
chological aspects of the disease, and social impairment.
It was validated on 52 patients undergoing stapes surgery
and was found to have a high internal consistency (Cron-
bach’s a>0.7) and high test-retest reliability (r=0.85). In
their validation study, they found that HRQoL improved
significantly after surgery. In 2018, Lailach et al. used the
SPOT-25 to assess a group of 37 patients 1 day prior to sta-
pes surgery and 3 months, postoperatively [25]. They found
significant improvement in air—bone gap, bone conduction,
speech recognition, and SPOT-25. However, similar to other
nonspecific QoL and HRQoL questionnaires, some aspects
of QoL scores correlated with degree of hearing improve-
ment, but not all aspects did, and there was no linear degree
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of association between QoL improvement and residual
hearing loss. Weiss et al. also used the SPOT-25 in 2020 to
assess 30 patients who underwent stapedotomy [26]. Again,
they found that, although there was a benefit in hearing out-
comes, there was not a great correlation between outcome
surveys and hearing performance. This survey is currently
undergoing a validation study in Dutch patients [23]. This
survey represents a possible future direction for assessing
the HRQoL in stapes surgery if it can be validated in other
languages especially since audiometric data may not be the
best measurement for success from the patient perspective
in stapes surgery.

As it is clear that audiometric improvement does not tell
the complete story for patient-reported improvements after
stapes surgery, some studies have looked to other explana-
tions for the degree of QoL benefit. Dziendziel et al. studied
the relationship of tinnitus improvement and HRQoL in sta-
pes surgery [7]. This study found that there was a significant
reduction in tinnitus after stapes surgery as measured by the
Tinnitus Functional Index (TFI) [27]. A greater reduction
in TFI score was associated with improved HRQoL scores
and this correlation was stronger than the association with
audiometric improvement based on their regression analysis.
A 2018 literature review found that there is an 85% improve-
ment in tinnitus after stapes surgery [19]. A 2014 study
found that, in patients with tinnitus prior to stapes surgery,
the majority experienced improvement in tinnitus within
6 months of surgery, with the majority finding improvement
within the first month. However, it is important to note that
this study also found that, in individuals without prior sig-
nificant tinnitus, there was a 10% risk of transient worsening
tinnitus, that resolved by the 6-month mark [28]. The asso-
ciation between tinnitus and QoL improvement highlights
that there are factors outside of hearing improvement that
result in improved patient-reported outcomes after surgery.

It is also important to realize that surgery poses certain risks
that are not seen with hearing aid use, which affects postopera-
tive QoL. Surgical complications of stapes surgery are rela-
tively rare with the rate of serious complications at about 1%
[29]. These complications can either temporarily or perma-
nently affect QoL and therefore are important considerations
in analyzing cost-effectiveness of the treatment of otosclerosis.

One structure that lies in close proximity to the surgi-
cal field during stapes surgery is the chorda tympani nerve,
which controls taste sensation from the ipsilateral anterior
two-thirds of the tongue as well as parasympathetic salivary
function of the submandibular and sublingual glands. In a
study of patients with otosclerosis undergoing stapes sur-
gery [26], preoperative taste disturbance complaints were
relatively rare at 3.7%. However, postoperatively reported
taste disturbances were much more frequent. About 60% of
patients reported taste disturbances at any time after surgery,
half of the patients reported disturbances at 1 week; this
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number decreased to about 40% at 6 weeks and was down
to 5% at 1-year post-surgery. The most commonly reported
symptoms were loss of taste or a metallic taste sensation. In
this cohort of 134 patients, only one patient had documenta-
tion of transection of the chorda tympani during the surgery.
From the head and neck cancer literature, it is known that
taste abnormalities lead to decreased enjoyment of eating,
decreased oral consumption, and reduced QoL making this
an important consideration when thinking about outcomes
in stapes surgery [30]. We find this to be an important con-
sideration in our practice, especially for individuals where
taste is an important aspect of their job, such as professional
chefs or sommeliers.

While vestibular symptoms are not as common in oto-
sclerosis, they are relatively common after stapes surgery.
Between 12 and 50% of patients report, at least one vestibu-
lar symptom after surgery; however, these symptoms are
usually mild and last less than 1 week [11]. The most com-
monly reported symptoms and signs are a floating sensation
and rotatory vertigo [31].

Vertiginous symptoms tend to be temporary and resolve
in the weeks to months after surgery. In a 2020 study,
Alessandrini et al. [32] studied patients reporting vertigo
after stapes surgery. They tested vestibulo-ocular reflex
(VOR) gain, posturography parameters, and QoL question-
naires. They found improvement in posturographic param-
eters 6 weeks after stapedotomy. This was also reflected
in the QoL scores, in which the patients reported better
quality of life in regards to their balance function after sur-
gery. In another study assessing patients who underwent
stapes surgery, posturography was tested prior to 1 week
after and 1 month after surgery [33]. This study found
that patients had a reduction in balance after surgery, with
their posturographic parameters returning to preoperative
values after 1 month. These results were similar to a prior
1996 study by Molony and Marais that used postural sway
analysis that found decreases in function after 1 week that
returned to normal at retest 6 months after surgery [34].
There does appear to be a relationship between balance
and postural control. In one study, patients with hear-
ing loss had balance testing performed with and without
hearing aids. Although the results were not statistically
significant, there was a subset of participants that did sig-
nificantly improve postural control with hearing amplifi-
cation [35].

Long-term symptoms or disabling vertigo is very rare
after surgery [31, 36]. These symptoms are usually due to
intraoperative complications including perilymph aspiration,
perilymphatic fistula, or Benign positional paroxysmal ver-
tigo (BPPV), likely from otolith displacement due to head
positioning during surgery [11]. We have also seen in prac-
tice that patients can develop vestibular hypofunction when
there is a loss of hearing after surgery.
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Severe complications such as perilymph fistula, postoper-
ative sensorineural hearing loss, prolonged vertigo, or facial
nerve injury occur at a frequency of less than 1% [13, 37].

It is important to note that other surgical options for
the treatment of otosclerosis are becoming more common.
BAHA devices have been shown to be successful in the
treatment of unilateral hearing loss, and there are studies
that show that it provides a quality of life benefit in individu-
als with otosclerosis as well [2]. Cochlear implantation is
also used in cases of advanced otosclerosis with significant
sensorineural hearing loss, or in individuals who developed
sensorineural hearing loss after stapes surgery. Individuals
with otosclerosis and severe hearing loss show similar qual-
ity of life improvement after cochlear implantation as other
users of cochlear implants with post-lingual deafness [38].

Cost of Stapes Surgery

Although there are a variety of methods to assess the effec-
tiveness of stapes surgery, determining the actual cost of sta-
pes surgery in the USA is more difficult. There are a variety
of perspectives from which to analyze cost when building
cost-effectiveness models. One could consider costs in terms
of how much the hospital charges for the preoperative evalu-
ation, surgery, anesthesia, and post-operative care. However,
one could also consider direct costs to the patient themselves
or even insurance reimbursement for the procedure. All meth-
ods can be valid depending on the purpose of the cost-effec-
tiveness analysis as they all assess different aspects of our
healthcare system, hospital costs, insurance costs, and patient
costs. Cost-effectiveness research can focus on whether sta-
pes surgery is cost-effective for the hospital, cost-effective
for insurance providers, or cost-effective for patients. Each
perspective will bring important information to the discus-
sion of the overall cost-effectiveness of the procedure.

There are relatively few direct cost analyses of stapes
surgery. In a 2003 paper by Klask and Schmelzer, they
found their average cost was roughly 954 € for stapes sur-
gery in Germany. They had a 6.5% complication rate with
an additional 1754 and 3504 € to manage [39]. Since cost
studies reflect the country they take place in, the value of
the currency in that country, and the chronological time in
which they were evaluated based on changing inflation and
exchange rates, this study may not be applicable outside of
Germany. Unfortunately, the majority of cost data analyses
do not include an inflation-adjusted amount for comparison
in other countries.

There is one published study on the cost of stapes surgery
in the USA in the last decade. This 2019 study [40e] found
that the average cost of stapedectomy was US $3542 with
a standard deviation (SD) of 1259. The authors found that
surgical supply and increased operative time were the most

associated with increased cost, and the type of laser used
to perform the stapedectomy was the supply most associ-
ated with increased cost. The strengths of this study are
that it assessed average cost across more than 20 surgeons
at 10 hospitals that included both tertiary-care centers and
academic hospitals, as well as urban, community, and rural
hospitals, all factors that can influence cost. However, the
study focused on only one integrated non-profit healthcare
system within the state of Utah, so it may not be as applica-
ble to other states.

Quality of Life With Hearing Aids

Hearing aids are known to improve QoL in individuals with
hearing loss. Patients without hearing aids have a worse
reported QoL than patients that use them [41]. A 2018 meta-
analysis of randomized clinical trials of hearing aid use in
adults with mild to moderate hearing loss found that there
was a beneficial effect of hearing aids on HRQoL with a
smaller benefit on overall QoL [42]. In addition to improving
audiometric measures, understanding of speech, and sound
localization, hearing aids also improve HRQoL by reducing
the psychological and emotional effects of hearing loss [43].

Hearing aids are very safe to use but are associated with
some health-related complications that can affect QoL.
Hearing aid use exacerbates cerumen production which can
result in increased healthcare utilization for management
[44]. Hearing aid use is also associated with skin allergies,
otitis externa from external auditory canal obstruction, and
erosive ear changes that may require surgical correction [45].

Despite their ability to improve QoL with a low side effect
profile, there are other psychosocial factors that decrease
hearing aid use and affect QoL. For some patients, hear-
ing aid use can be considered an inconvenience and carries
with it a perceived social stigma [46]. This is particularly
important when considering hearing aids for the treatment
of otosclerosis since the peak onset for otosclerosis is in
the third decade of life [47] when patients are young and
HRQoL is generally otherwise high.

Cost of Hearing Aids

Much like in stapes surgery, determining the cost of hear-
ing aids can be difficult. Hearing aids are widely variable in
cost. The average hearing aid cost in the USA is between US
$1000 and 4000 in the year 2020. The cheapest hearing aids
cost between US $500 and 3000 while premium models cost
about US $4500-6000 per device [48e]. Higher quality hear-
ing aids can last many years, but basic hearing aids require
replacement about every 4 years [49]. Additionally, hear-
ing aids and hearing aid fittings require frequent audiology
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appointments to ensure proper programming which adds
additional cost. As patients with otosclerosis can present
relatively early in their adult life they often have to bear
many years of cost for hearing aid upkeep.

Traditionally, most adult patients in the USA had to pay
out of pocket for hearing aids which placed the cost perspec-
tive entirely on the payee. Thus, the hospital and insurance
perspectives only reflect the cost of audiology appointments
and medical complications of hearing aid maintenance. The
Federal Drug Authority (FDA) reorganization act of 2017
[50] includes the Over the Counter Hearing Aid Act which
creates a new category of over-the-counter hearing aid
devices to improve hearing in adults with mild to moder-
ate hearing impairment. This poses the possibility for large
changes in the affordability and accessibility of hearing aids
in the future. One major exception to this rule is the Veterans
Health Administration which covers the cost of hearing aids,
repairs, and future batteries.

Cost-Effectiveness of Hearing Aids
Versus Stapes Surgery in the Treatment
of Otosclerosis

There is a dearth of research directly comparing the cost-
effectiveness of stapes surgery versus hearing aids for the
treatment of otosclerosis. In a 2009, paper Savvas and Mau-
rer [51] compared the cost of stapes surgery versus the aver-
age cost of lifetime hearing aid use in Germany. They found
that over a lifetime hearing aid cost was greater than the cost
of stapedectomy even with a 5-10% revision rate and with
20% of patients going on to require hearing aids despite
surgery. Their costs covered the costs of surgery, anesthesia,
3-5-day hospital stay (if needed for postoperative complica-
tions or concerns), postoperative care, and audiology evalu-
ation based on 164 stapedotomy cases. Surgery remained
cheaper than hearing aids at three different theoretical ages
30, 50, and 60 years of age.

It is important to note the differences in healthcare deliv-
ery systems between Germany and the USA. Germany has a
universal multi-payer system in which there is a combination
of national healthcare insurance plans and private insurance
plans [52], while the USA functions on a convoluted mix of
different types of public and private insurance-based plans
which means that these results may not have high external
validity for countries with different healthcare systems.

There is only one paper directly comparing the cost ver-
sus quality of life benefit between stapes surgery and hearing
aids in otosclerosis that is currently published [53ee]. In this
study, a Markov model [54] was used to model multi-year
outcomes and compare the lifetime costs of stapedectomy
versus hearing aids in regards to QoL. A Markov model is a
stochastic model that models multi-year outcomes using the
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probability of progression from one state to another based
on a patients’ current state. The outcome in this study was
the incremental cost-effectiveness (ICER) of stapedectomy,
which is defined as the difference in lifetime costs divided
by the difference in lifetime QoL benefit. Costs were meas-
ured based on Medicare national mean payments for stapes
surgery in the USA and the average initial cost of hearing
aids and yearly maintenance costs. The effectiveness was
calculated using quality of life years (QALY) in which zero
equates to death and 1 signifies 1 year of so-called perfect
health. This study also factored in the probability of revision
surgery and the probability of progression to hearing aid use
despite surgery. This study found that stapedectomy cost
about US $3000 more than hearing aids over a lifetime and
had an incremental effectiveness of about 1 QALY. Thus the
ICER ratio for stapedectomy was about US $4000. In cost-
effectiveness research, an ICER of US $ < 50,000 is consid-
ered cost-effective [55]. Thus, the authors of this paper con-
cluded that stapedectomy was a cost-effective method for the
treatment of otosclerosis in the USA. It is important to note
that this study did not include the costs associated with the
progression to the need for BAHA or cochlear implantation.
Additional research in cost-effectiveness using data from
actual hospital costs at different institutions and actual costs
to patients is needed to determine a more accurate picture
for the cost-effectiveness of these treatment paradigms in
the USA. It is also important to note that the US Food and
Drug Administration (FDA) Reauthorization Act of 2017
will make certain hearing aids available over the counter at a
lower cost for those with mild to moderate hearing loss which
may change cost-effectiveness models in years to come.

Conclusions

Otosclerosis decreases patient QoL, and patients can get
significant improvement with either hearing aids or stapes
surgery. Stapes surgery is effective in improving hearing
based on audiometric parameters as well as patient HRQoL
surveys. Stapes surgery is safe with a low rate of serious
complications but can be associated with the need for repeat
surgery or continued progression of disease. The cost of sta-
pes surgery can be viewed based on the perspective of hos-
pitals, patients, or insurers and can be drastically different
across different locations. Hearing aids improve QoL with
limited medical side effects but are associated with a high
out-of-pocket cost to the consumer. They also carry addi-
tional social stigma, especially for young users. There is a
lack of research comparing direct cost-effectiveness of these
two treatment regimens, but the two papers currently pub-
lished support that stapedectomy is a cost-effective method
for the treatment of otosclerosis compared to hearing aids.
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