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Abstract
Background: Patients with advanced otosclerosis can present with hearing thresholds eligible for cochlear
implantation. This study sought to address whether stapes surgery in this patient group provides a clinically
significant audiological benefit.

Objectives: To assess pre- and post-operative hearing outcomes of patients with advanced otosclerosis, and to
determine what proportion of these patients required further surgery including cochlear implantation.

Methods: Between 2002 and 2015, 252 patients underwent primary stapes surgery at our institution. Twenty-
eight ears in 25 patients were deemed to have advanced otosclerosis, as defined by pure audiometry thresholds
over 80 dB. The patients’ records were analysed to determine audiological improvement following stapes
surgery, and assess whether any further surgery was required.

Results: The audiological outcome for most patients who underwent primary stapes surgery was good. A
minority of patients (7 per cent) required revision surgery. Patients who underwent cochlear implantation after
stapes surgery (10 per cent) also demonstrated a good audiological outcome.

Conclusion: Stapes surgery is a suitable treatment option for patients with advanced otosclerosis, and should be
considered mandatory, before offering cochlear implantation, for those with a demonstrable conductive component
to their hearing loss. A small group of patients get little benefit from surgery and subsequently a cochlear implant
should be considered.
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Introduction
Patients with advanced otosclerosis present a dilemma
in terms of management. Many patients will present
with hearing thresholds eligible for cochlear implant-
ation, and cochlear implantation will effectively treat
the sensorineural component of their deafness.1

Patients who undergo stapes surgery may subsequently
require cochlear implantation in the future if surgery is
unsuccessful or there is significant progression of sen-
sorineural hearing loss. Stapes surgery is most often
simpler, safer and cheaper than cochlear implant
surgery, and successful stapes surgery has the added
benefit of preserving acoustic hearing.2 Cochlear
implantation in this patient group is also associated
with an increased risk of complications such as
partial electrode insertion and facial nerve stimulation.3

We investigated our patient group undergoing stapes
surgery for advanced otosclerosis. Pre- and post-opera-
tive audiometric outcomes, and stapes surgery compli-
cation rates, were evaluated in this patient group to
determine what proportion of patients required, or
would benefit from, further surgery.

Materials and methods
All patients who had undergone primary stapes surgery
at University Hospitals Birmingham since 2002 were
identified retrospectively and their audiology records
were reviewed. This date was chosen as the audiology
data were electronically available. Cases of advanced
otosclerosis, as defined by mean air conduction pure
tone audiometry thresholds at 0.5, 1, 2 and 4 kHz of
80 dB or worse, were selected.
Between 2002 and 2015, 252 patients underwent

primary stapes surgery. Twenty-eight ears in 25
patients (12 females and 13 males) were deemed to
have advanced otosclerosis, and the records of these
patients were analysed. Patients’ mean age at surgery
was 59 years (standard deviation= 12.0). All patients
underwent a stapedotomy type of procedure, with a
variety of stapes prostheses used.
We assessed the post-operative hearing outcomes of

these patients to determine what proportion of surgical
procedures were successful, and what proportion of
patients required further surgery including cochlear
implantation. Pure tone audiograms were recorded
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pre- and post-operatively. Mean air and bone conduction
thresholds at 0.5, 1, 2 and 4 kHz were calculated, and
surgical complications were determined. ‘Successful
surgery’ was defined as surgery with no major operative
complications, with a hearing improvement sufficient
such that further surgery, including stapes revision or
cochlear implantation, was not required.

Results

Complication rates

Seven patients (24 per cent) had no significant hearing
gain or had hearing loss in the operated ear; two of
these underwent successful revision stapes surgery.
Three patients (10 per cent) reported balance disturb-

ance, one (3 per cent) reported altered taste, and one
(3 per cent) had a post-operative infection with loss
of hearing, and subsequently required a cochlear
implant. One of the patients with a balance disturbance
(3 per cent) also had tinnitus, hemifacial spasm and a
‘dead ear’. Subsequently, this patient underwent revi-
sion surgery in the form of a petrosectomy (see
‘Surgical revision’ section below).
The overall complication rate was 34 per cent. Only

1 of 25 patients reported having significant complica-
tions of stapes surgery that did not resolve.

Surgical revision

Twenty-two patients (76 per cent) had successful
primary surgery, with hearing improvement, and did
not undergo further surgery.
Two patients (7 per cent) required revision of stapes

surgery; both had a successful outcome, with audio-
logical improvement. Five patients (17 per cent) had

hearing loss that satisfied criteria for cochlear implant-
ation after stapes surgery; three of these patients
underwent cochlear implantation (Figure 1). One
patient (3 per cent) had a poor audiological
outcome, with no hearing gain; they did not pursue
any further intervention and were discharged follow-
ing surgery. One patient (3 per cent), who had tin-
nitus, hemifacial spasm, balance disturbance and a
dead ear, was diagnosed with a middle-ear granuloma
which had eroded into the inner ear and facial nerve.
This was removed via petrosectomy and blind sac
closure of the ear. Post-operatively, the facial nerve
symptoms resolved and normal facial nerve function
was maintained.
Patients who did not show improvement had no

standout characteristics in common, although the
numbers were small and so meaningful conclusions
are difficult.

Audiological outcomes

The mean overall improvement in air–bone gap follow-
ing stapes surgery was 27.1 dB. The mean air–bone
gap post-operatively was 17 dB. The mean air conduc-
tion improvement was 26.9 dB (Figure 2).
In patients who had successful surgery, the mean

air–bone gap improvement was 30.1 dB. The mean

FIG. 1

Pie chart showing the percentage of patients with a good outcome
following stapes surgery, initially or after revision. A minority of

patients required cochlear implantation.

FIG. 2

Audiological outcomes of all patients who underwent stapes
surgery. ABG= air–bone gap; AC= air conduction

FIG. 3

Audiological outcomes of patients who had successful stapes
surgery (no complications and no revision surgery). ABG=

air–bone gap; AC= air conduction

C HEINING, R BANGA, R IRVING et al.962

https://doi.org/10.1017/S0022215117001815 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215117001815


air–bone gap post-operatively was 11.3 dB. The mean
air conduction improvement was 34.8 dB (Figure 3).

Discussion
Cochlear implants provide a good audiological
outcome in appropriately selected patients. Patients
with otosclerosis may gain significant benefit from
stapes surgery, a cheaper, less invasive procedure that
requires less intensive follow up. In addition, if stapes
surgery does not have a successful outcome, a cochlear
implant is still an option. Choosing between stapes
surgery and cochlear implantation can be a difficult
decision for clinicians and patients, with some uncer-
tainty over which will give them the best outcome.4

Many factors need to be considered when choosing
between the treatment options, including severity of
disease and hearing loss, patient preference, and the
availability of appropriately trained surgeons and
audiologists.
The audiological outcome for the majority of

patients who underwent primary stapes surgery at our
centre was good. Most patients were further rehabili-
tated with standard hearing aids. A minority of patients
required revision surgery or a cochlear implant. Patients
who underwent cochlear implantation after stapes
surgery also demonstrated improved audiological per-
formance (Table I).
The success rates of stapes surgery at our centre

compare favourably with published success rates,
with 60 per cent requiring no further treatment in one
study.5 Kabbara et al. had a similarly designed study
to ours – a retrospective case review conducted at an
academic neurotology tertiary referral centre.5 These
authors investigated all patients with advanced oto-
sclerosis treated in the last 20 years. They demonstrated
that patients undergoing primary stapedotomy required
no further intervention in 60 per cent of cases. They
also reported a good outcome from cochlear implant-
ation following primary stapes surgery. The authors
supported our conclusion that stapes surgery should
be the first-line treatment for patients with advanced
otosclerosis.
Other studies have arrived at similar conclusions.

Lachance et al. showed that 87 per cent of patients
treated at their centre between 2005 and 2010 no

longer satisfied criteria for cochlear implantation fol-
lowing primary stapes surgery.6 Systematic reviews
of the literature also support our conclusion that
primary stapedotomy is the best first-line treatment,
with cochlear implantation being a subsequent option
if the initial outcome is unsatisfactory.7

• Some advanced otosclerosis patients will
present with hearing thresholds eligible for
cochlear implantation

• Stapes surgery is often simpler, safer and
cheaper than cochlear implantation, and
preserves acoustic hearing

• Cochlear implantation following stapes
surgery is associated with increased
complications

• Stapes surgery is appropriate for advanced
otosclerosis patients, and should be
considered prior to cochlear implantation

• Patient preference, contralateral hearing and
hearing loss duration may influence treatment
decision

• A small group of patients get little benefit
from stapes surgery and will require a
cochlear implant

Our study has some limitations. For instance, the
sample size is relatively small. This is difficult to
avoid given the relative rarity of far advanced otoscler-
osis. Kabbara et al. reviewed 20 years of cases to find
58 patients.5 The follow-up duration of patients was
also quite variable, with the shortest duration being
12 weeks and the longest 3 years. Some late complica-
tions of surgery or dissatisfaction with outcome may
have been missed. In addition, speech discrimination
testing was not performed on all patients in this
study. Speech testing is not performed routinely; if
these data had been available, it would have provided
a more comprehensive assessment of hearing disability
pre-operatively and enabled a better assessment of
outcome.
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TABLE I

SPEECH TEST RESULTS FOR COCHLEAR
IMPLANTATION PATIENTS∗

Pt
no.

Pre-stapes
surgery score

(%)

Post-stapes
surgery score

(%)

Post-cochlear
implantation score

(%)

1 19 4 32
2 46 53 100
3 30 40 15

∗Speech testing was performed using the Bamford–Kowal–Bench
tests. Pt no.= patient number

AUDIOLOGICAL OUTCOME OF STAPES SURGERY FOR ADVANCED COCHLEAR OTOSCLEROSIS 963

https://doi.org/10.1017/S0022215117001815 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215117001815


6 Lachance S, Bussières R, Côté M. Stapes surgery in profound
hearing loss due to otosclerosis. Otol Neurotol 2012;33:721–3

7 van LoonMC, Merkus P, Smit CF, Smits C, Witte BI, Hensen EF.
Stapedotomy in cochlear implant candidates with far advanced
otosclerosis: a systematic review of the literature and meta-ana-
lysis. Otol Neurotol 2014;35:1707–14

Address for correspondence:
Dr Chris Heining,
Ear, Nose and Throat Department,

Gloucester Royal Hospital,
GL1 3NN, UK

E-mail: chrisheining@hotmail.co.uk

Dr C Heining takes responsibility for the integrity of the content of
the paper
Competing interests: None declared

C HEINING, R BANGA, R IRVING et al.964

https://doi.org/10.1017/S0022215117001815 Published online by Cambridge University Press

mailto:chrisheining@hotmail.co.uk
https://doi.org/10.1017/S0022215117001815

	Audiological outcome of stapes surgery for far advanced cochlear otosclerosis
	Introduction
	Materials and methods
	Results
	Complication rates
	Surgical revision
	Audiological outcomes

	Discussion
	References


