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Bilateral hearing results of 751 unilateral stapedotomies
evaluated with the Glasgow benefit plot

V KISILEVSKY, N A BAILIE*, J J HALIK

Abstract
Aims: We aimed to evaluate bilateral hearing function in patients undergoing primary unilateral
stapedotomy, according to the 1995 American Academy of Otolaryngology, Head and Neck Surgery
guidelines and the Glasgow benefit plot. We also aimed to analyse the effect of pre-operative hearing
impairment type on post-stapedotomy hearing.

Study design: Retrospective chart review.
Methods: Medical records relating to 1369 stapedotomies performed by the senior author (JJH) from

1991 to 2006 were reviewed. Seven hundred and fifty-one patients undergoing primary unilateral
stapedotomy were included. Hearing results for these patients were evaluated according to the criteria
of the 1995 American Academy of Otolaryngology, Head and Neck Surgery Committee on Hearing
and Equilibrium guidelines, and the Glasgow benefit plot. Subgroups of patients with pre-operative
unilateral, bilateral symmetrical and bilateral asymmetrical hearing loss were separately analysed.

Results: The most successful results, as regards the achievement of bilateral, socially serviceable hearing,
were demonstrated in patients with unilateral hearing loss; 78 per cent of these patients had normal hearing
post-operatively. Overall, patients’ achievement of bilateral, socially serviceable hearing correlated highly
with their type of pre-operative hearing impairment (r ¼ 0.74). Normal post-operative hearing levels also
correlated with pre-operative bone conduction (r ¼ 0.61).

Conclusion: This study represents the largest reported series of primary stapedotomy cases evaluated
with the Glasgow benefit plot. Patients’ bilateral post-operative hearing function depended on their
type of pre-operative hearing impairment. Pre-operative bone conduction thresholds, corrected for
Carhart’s effect, were useful in predicting achievable post-operative air conduction.
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Introduction

Since the introduction of the stapedectomy tech-
nique by Shea in 1956, the primary measures of sur-
gical success have been air–bone gap (ABG) closure
and improvement of air conduction thresholds in the
operated ear. Publications from early stapedectomy
series reported success rates of more than 90 per
cent for ABG closure to within 10 dB.1 – 3 These
reports established stapes surgery as the surgical
treatment of choice for conductive hearing loss in
otosclerosis, and fostered high patient expectations.
However, following three decades of modern stapes
surgery, questions have arisen regarding the func-
tional benefit of stapedectomy.

In 1985, Smyth and Patterson correlated the per-
ceived success of surgical treatment of conductive
hearing loss, for patients and for surgeons. They
found a dichotomy, whereby the technical success
of surgery was not always commensurate with the

patient’s perceived auditory improvement. The
most significant factors in patient satisfaction were
post-operative air conduction thresholds below
30 dB and an interaural difference of less than
15 dB, as opposed to the previous measure of ABG
closure. Based on these findings, Toner and Smyth5

coined the ‘15/30 dB rule of thumb’ (also know as
the ‘Belfast rule of thumb’) method for evaluation
of bilateral post-operative success. Furthermore, in
1991 Browning et al.6 suggested another method of
reporting success, whereby pre- and post-operative
air conduction thresholds in both the operated and
non-operated ears were plotted. This method was
termed the Glasgow benefit plot.

The Glasgow benefit plot groups patients into
three major categories according to their pre-
operative hearing impairment: either unilateral,
bilateral asymmetrical or bilateral symmetrical
(Figure 1). The projected outcomes of surgery are
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different for each group; therefore, determination of
success is considered for each group individually, so
as to prevent misleading combined results. Meaning-
ful comparisons between different series are maxi-
mised when the audiometric data of each group are
evaluated separately.6 – 8

Bilateral hearing status remains rarely discussed in
stapes surgery reports.9 A search of indexed medical
literature in the Medlinew and PubMedw databases
revealed that, of 3412 publications on the surgical
treatment of otosclerosis to date, binaural hearing
function was used as a keyword in only 83 (2 per
cent). Hearing in the non-operated ear was purpose-
fully evaluated in only 21 of these 83 studies; the
remaining 62 publications focused primarily on the
results of bilateral surgery. A limited number of pub-
lications have used the Glasgow benefit plot for pre-
senting the results of middle-ear surgery, and within
these there is a contradictory distribution of surgical
success. These inconsistencies seem to result from
the summation of unilateral and bilateral cases and
of primary and revision procedures, and subsequent
averaging of the whole series.

The present study included unilateral primary sta-
pedotomy cases evaluated using the Glasgow benefit
plot pre-operative categories of unilateral, bilateral
asymmetrical and bilateral symmetrical hearing
impairment, to avoid incongruity. The results of 394
bilateral stapedotomies are analysed in a separate
study.

The aims of this study were twofold: (1) to evaluate
both technical and functional results of a large series
of stapedotomy cases, using the Glasgow benefit plot
and the American Academy of Otolaryngology,

Head and Neck Surgery Committee on Hearing
and Equilibrium guidelines10 for reporting the
results of conductive hearing loss treatment; and (2)
to analyse the effect of pre-operative hearing impair-
ment type on post-operative hearing levels after
stapedotomy.

Patients and methods

We reviewed medical records relating to 1369 con-
secutive stapedotomies performed by one surgeon
(the senior author, JJH) from 1991 to 2006. Of these
1369 cases, 89 were revision stapedotomies and 46
were performed for congenital stapes fixation.
Eighty-nine cases were excluded from the study due
to incomplete data. This left 1145 primary stapedot-
omy procedures performed in patients with otosclero-
sis; 751 unilateral and 394 bilateral procedures. The
audiometric results of these 751 patients undergoing
unilateral stapedotomy were analysed in the current
study. Patients comprised 437 (58 per cent) women
and 314 (42 per cent) men, and had a mean age of
46 years (standard deviation (SD) 12 years).

The patients’ mean pre-operative hearing level was
54 dB (SD 14 dB), being calculated as the pure tone
average (PTA) for the frequencies 0.5, 1, 2 and
3 kHz. The patients’ mean pre-operative ABG was
29 dB (SD 9 dB). One hundred and forty-four (19
per cent) patients were treated for severe or pro-
found hearing loss (defined as a pre-operative
hearing level of �71 dB).

Stapedotomy was performed using the reverse-order
technique11,12 via a per-meatal approach. A modified
Cawthorne (0.3 mm diameter) prosthesis was used
until 2002, in 409 cases. Thereafter, a modified
Causse (0.4 mm diameter) prosthesis was used, in 342
procedures. A 0.4 mm (for Cawthorne prostheses) or
0.5 mm (for Causse prostheses) fenestra was made in
the footplate using graduated hand perforators. The
adjunctive use of an Argon beam laser (Lumenis,
Salt Lake City, Utah, USA), delivered via an Endo
OtoprobeTM (Iridex, Mountain View, California,
USA) was introduced in 2000. A modification of the
reverse-order technique was made in conjunction
with the introduction of the laser: the Argon laser
was used to vaporise the stapedial tendon and posterior
crus of the stapes prior to commencing footplate fenes-
tration. The laser was also used to initiate footplate
fenestration by providing a ‘set-hole’ for the perfora-
tors; fenestration was then completed using graduated
perforators. These laser-assisted procedures were
undertaken in 343 patients.

Outcomes were analysed according to the 1995
American Academy of Otolaryngology, Head and
Neck Surgery Committee on Hearing and Equili-
brium guidelines,10 and the Glasgow benefit plot.
Both operated and non-operated ears were tested at
0.5, 1, 2, 3, 4, 6, 8 and 12 kHz for air conduction, and
at 0.5, 1, 2, 3 and 4 kHz for bone conduction. Some
of the patient testing pre-dated the 1995 American
Academy guidelines; therefore, 3 kHz results were
not available for all patients. In these cases, 3 kHz
thresholds were calculated as an average of thresholds
for 2 and 4 kHz, allowing uniform presentation of

FIG. 1

Glasgow benefit plot showing potential changes from
pre-operative impairment group to post-operative impairment
category, representing different types of benefit. 1 ¼ unilateral
hearing loss, 2 ¼ bilateral asymmetric hearing loss, 3 ¼
bilateral symmetric hearing loss, a ¼ bilateral serviceable
hearing, b ¼ unilateral serviceable hearing, c ¼ bilateral
asymmetric hearing impairment with operated ear converted
to the better hearing ear, d ¼ bilateral symmetric hearing
impairment.; non-op¼ non-operated ear; op ear ¼ operated

ear; AC ¼ air conduction
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audiometric data, according to the American
Academy guidelines. The mean pre-operative PTA
for air conduction and bone conduction, and the
ABG values at 0.5, 1, 2 and 3 kHz, were compared
with their corresponding post-operative values. Post-
operative bone conduction thresholds were used to
calculate post-operative ABG values. In addition to
reporting the results of air conduction, bone conduc-
tion and ABG gain, we used the Glasgow benefit plot
to produce a visual representation of bilateral hearing
status in each individual case. Normal hearing was
defined as an air conduction PTA threshold of
�30 dB, according to the method of Belfast rule of
thumb4,5,11 who adopted the ‘Belfast rule of thumb’
to define socially acceptable hearing. Symmetrical
hearing was defined as an interaural difference of
�10 dB, as proposed by the Glasgow benefit plot
method. Based on these criteria, patients were
grouped into three major categories according to
their pre-operative hearing impairment: group one,
with unilateral hearing impairment (481 patients);
group two, with bilateral asymmetrical hearing
impairment (166 patients), and group three, with
bilateral symmetrical hearing impairment (104
patients). Pre- and post-operative air conduction
PTAs in the operated ears were plotted on the vertical
axis against corresponding air conduction thresholds
in non-operated ears on the horizontal axis.

The database was analysed using Statistica 6.0 soft-
ware (StatSoft, Tulsa, Oklahoma, USA). Statistical
analysis was conducted to compare pre- and post-
operative values, using the paired t-test, for air
conduction, bone conduction, PTA, ABG and air
conduction gain. The effects of pre-operative
hearing impairment type and pre-operative bone
conduction on the achievement of post-operative
symmetrical, socially acceptable hearing were evalu-
ated with the Pearson correlation test . The criterion
selected for statistical significance was p , 0.05.

Results

Conventional analysis

Closure of air–bone gap. Table I summarises the
patients’ pre- and post-operative ABG and percentage
ABG closure, collectively and by pre-operative
hearing impairment type. A mean post-operative
ABG of 7.5 dB was achieved in each group despite pre-
operative differences between the groups, with the
largest pre-operative ABG being 32 dB in group two.

Improvement in air conduction thresholds. Post-
operatively, a significant improvement in air conduction
thresholds was demonstrated in all groups (p , 0.001).
Patients with bilateral asymmetrical hearing impair-
ment had the most severe pre-operative hearing loss,
with mean air conduction thresholds of 65 dB in the
operated ear and 40 dB in the non-operated ear. The
post-operative air conduction thresholds in this group
were also poorer than in the unilateral hearing impair-
ment and bilateral symmetrical hearing impairment
groups, despite a greater air conduction gain of 27 dB
(compared with 24 and 21 dB in the two latter groups,
respectively) (Table II).

Pre- and post-operative bone conduction. Pre-
operative bone conduction thresholds were analysed
to identify cases in which normal hearing was achiev-
able. The highest proportion of normal cochlear
reserve was found in the unilateral hearing impair-
ment group, in 411 (85 per cent) patients. The
highest proportion of mixed hearing loss was found
in the bilateral asymmetrical hearing impairment
group; 123 (74 per cent) patients had bone conduc-
tion thresholds of �25 dB (Table III).

Post-operative normal hearing. The proportions of
patients with post-operative normal hearing are pre-
sented in Table IV. Pearson test analysis demon-
strated that normal post-operative air conduction
(Table IV) correlated highly with normal pre-
operative bone conduction (Table III) (Pearson cor-
relation coefficient r ¼ 0.7).

Post-operative symmetrical hearing. The distribution
of post-operative bilateral symmetrical hearing is

TABLE I

AIR–BONE GAP DATA IN STUDY PATIENTS

ABG All� Grp 1† Grp 2‡ Grp 3��

Pre-op (mean (SD); dB) 29 (9) 28 (9) 32 (10) 28 (9)
Post-op (mean (SD); dB) 7 (6) 7 (5) 8 (6) 8 (7)
Closure
�10 dB (pts; n (%)) 602 (80) 391 (82) 134 (81) 71 (74)
�20 dB (pts; n (%)) 728 (97) 469 (98) 160 (96) 99 (95)

See text for explanation of groups. n¼�751, †481, ‡166 and
��104. ABG ¼ air–bone gap; grp ¼ group; pre-op ¼ pre-
operative; post-op ¼ post-operative; SD ¼ standard deviation;
pts ¼ patients

TABLE II

AIR CONDUCTION PURE TONE AVERAGE� DATA IN STUDY PATIENTS

AC PTA (dB) All† Grp 1‡ Grp 2�� Grp 3§

Operated ear
Pre-op 54 (14) 50 (12) 65 (15) 54 (14)
Post-op 29 (13) 26 (10) 38 (15) 33 (14)
Gain 25 (12) 24 (11) 27 (12) 21 (12)
Non-operated ear 26 (18) 13 (8) 40 (10) 53 (15)

Data represent means (standard deviations). See text for
explanation of groups. �At 0.5, 1, 2 and 3 kHz. n¼†751, ‡481,
��166 and §104. AC PTA ¼ air conduction pure tone
average; grp ¼ group; pre-op ¼ pre-operative; post-op ¼
post-operative

TABLE III

BONE CONDUCTION DATA IN STUDY PATIENTS

Bone conduction All� Grp 1† Grp 2‡ Grp 3��

Pre-op (mean (SD); dB) 25 (10) 22 (8) 33 (11) 26 (10)
Post-op (mean (SD); dB) 22 (11) 20 (8) 30 (13) 25 (11)
Pre-op threshold
�30 dB (pts; n (%)) 567 (75) 411 (85) 81 (49) 75 (72)
�25 dB (pts; n (%)) 293 (39) 123 (26) 123 (74) 47 (45)

See text for explanation of groups. n¼�751, †481, ‡166 and
��104. Grp ¼ group; pre-op ¼ pre-operative; post-op ¼ post-
operative; SD ¼ standard deviation; pts ¼ patients
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demonstrated in Table V. Pearson test analysis
demonstrated that the type of pre-operative hearing
impairment correlated highly with post-operative
symmetrical hearing (r ¼ 0.75).

Glasgow benefit plot analysis

Figures 2, 3 and 4 demonstrate the pre- and post-
operative air conduction PTAs for the three groups.

Post-operative normal hearing. A post-operative air
conduction PTA of ,30 dB in the operated ear was
achieved in 507 (68 per cent) of all patients. This
included 89 per cent of patients with pre-operative
bone conduction thresholds of �30 dB, in whom
normal hearing could be predicted to be achievable.

TABLE V

POST-OPERATIVE SYMMETRICAL HEARING DATA IN STUDY PATIENTS

Parameter All� Grp 1† Grp 2‡ Grp 3��

Better hearing in op ear§ 311 (41) 106 (22) 105 (63) 100 (96)
D � 10 dB 351 (47) 220 (46) 91 (55) 19 (18)
D � 15 dB 507 (68) 262 (55) 127 (77) 37 (36)

Data represent patient numbers (percentages). See text for
explanation of groups. n¼�751, †481, ‡166 and ��104. §As
per air conduction pure tone averages (AC PTAs). D ¼ inter-
aural AC PTA difference. Grp ¼ group; op ¼ operated

FIG. 4

Glasgow benefit plot for group three results (bilateral
symmetrical hearing impairment; n ¼ 104). Pre-op ¼
pre-operative; post-op ¼ post-operative; AC PTA ¼ air

conduction pure tone average

FIG. 2

Glasgow benefit plot for group one results (unilateral hearing
impairment; n ¼ 481). Pre-op ¼ pre-operative; post-op ¼
post-operative; AC PTA ¼ air conduction pure tone average

TABLE IV

POST-OPERATIVE NORMAL HEARING DATA IN STUDY PATIENTS

Parameter All� Grp 1† Grp 2‡ Grp 3��

Post-op AC �30 dB
(pts; n (%))

507 (68) 377 (78) 71 (43) 49 (57)

% of predicted normal
hearing pts§

89 92 88 65

See text for explanation of groups. n¼�751, †481, ‡166 and
��104. §Percentage of patients with pre-operative bone conduc-
tion �30 dB having post-operative (post-op) air conduction
(AC) �30 dB. Grp ¼ group; pts ¼ patients

FIG. 3

Glasgow benefit plot for group two results (bilateral
asymmetrical hearing impairment; n ¼ 166). Pre-op¼ pre-
operative; post-op ¼ post-operative; AC PTA¼ air conduction

pure tone average
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Patients with unilateral hearing impairment
demonstrated the best post-operative PTA results,
while those with bilateral asymmetrical hearing
impairment demonstrated the least success (Table IV).

Post-operative symmetrical hearing. Table V summar-
ises patients’ post-operative bilateral hearing PTAs.
The operated ear became the better hearing ear in
41 per cent of all patients; however, this was the case
in 96 per cent of the patients with pre-operative bilat-
eral symmetrical hearing impairment. Symmetrical
hearing was obtained in 47 per cent of all patients.
By comparison, if an inter-aural difference of 15 dB
or less is regarded as symmetrical hearing, it was
achieved in 68 per cent of all patients. The most strik-
ing difference was found in the bilateral symmetrical
hearing impairment group, in which a twofold
increase in post-operative symmetrical hearing was
observed. In the unilateral hearing impairment
group, post-operative hearing was found to be sym-
metrical in only 55 per cent of patients, but bilaterally
normal in 78 per cent (Table IV). This apparent
discrepancy can be explained by the fact that the
mean air conduction PTA for the non-operated ear
in this group was 13 dB (Table II); therefore, patients
with post-operative hearing thresholds of .28 dB
but �30 dB were considered to have bilateral normal
hearing, despite an interaural difference formally
exceeding 15 dB.

Discussion

Stapes surgery is generally considered the most suc-
cessful middle-ear procedure for correction of con-
ductive hearing loss. This conclusion is based on
publications reporting stapedectomy success rates
approaching 85–95 per cent of cases.1 – 3,13 – 15 In
these studies, success is defined as the improvement
of air conduction thresholds and ABG closure in
the operated ear. This technical approach to the
assessment of surgical outcomes does not consider
overall hearing status based on bilateral auditory
input. The Glasgow benefit plot, created with the
patient’s bilateral hearing in mind, is considered a
functional method for reporting the benefits of
middle-ear surgery. The current study employed
the Glasgow benefit plot, in addition to technical
methods, to evaluate the results of stapedotomy. Pre-
operative and post-operative bone conduction and
air conduction PTAs for both the operated and non-
operated ears were calculated to evaluate the effect
of pre-operative hearing impairment type on surgical
success, as defined by Glasgow benefit plot criteria
for normal and symmetrical hearing.

To date, the Glasgow benefit plot has been used in
19 studies indexed in the Medline and PubMed data-
base. Ten publications have employed the Glasgow
benefit plot to analyse surgical success in cases of
chronic otitis media, tympanosclerosis and otitis
media with effusion. Nine studies have used the
Glasgow benefit plot to investigate stapes surgery.
Four reports have evaluated the results of unilateral
procedures16 – 19 and three the results of bilateral

procedures.20 – 22 One study presented results for
combined data from unilateral and bilateral cases,23

and another discussed revision stapedectomy.24

The outcome of revision stapes surgery is usually

less successful than that of primary stapedectomy.25–27

In the case of bilateral disease, it is customary to
operate first on the ear with worse hearing thresholds.
Therefore, the chances of achieving bilateral normal
hearing in unilateral and bilateral surgery are substan-
tially different, and one cannot directly compare the
functional results of primary and revision procedures,
or of unilateral and bilateral procedures. As Browning
et al. emphasised in their original paper,6 reporting the
average results of an entire surgical series would make
it impossible to calculate the differences between
different patient populations within that series.
Despite this, some authors use the Glasgow benefit
plot to evaluate the success of mixed series, thereby
combining the overall results of different patient popu-
lations. In order to circumvent the ambiguity that may
arise from this method of evaluation, the present study
considered the outcomes of each pre-operative group
separately. This method was consistent with Brown-
ing’s position, and used the Glasgow benefit plot as it
was originally designed to be applied.

Previous unilateral stapedotomy series, using con-
ventional assessment means, have demonstrated
ABG closure to ,10 dB in 50 per cent of cases in
Browning and colleagues’ series,6 in 65 per cent in
Huang and Stanley’s series,16 and in 74 per cent
of the 509 cases reported by Persson et al.23 Recovery
of air conduction PTAs demonstrated less variability:
an air conduction gain of 28 dB was found by Brown-
ing et al.,6 27 dB by Persson et al.,23 29 dB by Huang

and Stanley,16 and 24 dB by Caces and Braccini.19

The current study found ABG closure to ,10 dB
in 80 per cent of all cases, and an air conduction
PTA gain of 25 dB (SD 12 dB); this is equal or
superior to other series using the same evaluation cri-
teria. Air–bone gap closure to ,10 dB was demon-
strated in 82 per cent of unilateral hearing
impairment patients, in 81 per cent of bilateral asym-
metrical hearing impairment patients and in 74 per
cent of bilateral symmetrical hearing impairment
patients (Table I). Post-operative air conduction
PTAs were better in the unilateral hearing impair-
ment group (26 dB, SD 10 dB) than in the bilateral
asymmetrical hearing impairment group (38 dB, SD
15 dB) or the bilateral symmetrical hearing impair-
ment group (33 dB, SD 14 dB) (Table II). As pre-
viously reported, clinical improvement correlates
better with post-operative air conduction levels
than with post-operative ABG values.28

The current study established that the probability
of normal post-operative air conduction thresholds
was directly related to the type of pre-operative
hearing impairment, as defined by Glasgow benefit
plot criteria. Superior outcomes were demonstrated
in unilateral hearing impairment patients, 78 per
cent of whom achieved normal hearing in the oper-
ated ear. Forty-three per cent of bilateral asymmetri-
cal hearing impairment patients achieved
post-operative thresholds better than 30 dB. A
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similar distribution of success, as evaluated by the
Glasgow benefit plot, was found by Szymanski
et al.,17 who noted post-operative normal hearing in
79 and 46 per cent of unilateral hearing impairment
patients and bilateral asymmetrical hearing impair-
ment patients, respectively. Our findings are also
consistent with those of Persson et al., 23 who found
normal hearing in 70 per cent of unilateral hearing
impairment patients but in only 36 per cent of
bilateral asymmetrical hearing impairment patients.
Similarly, Lundman et al.28 reported severe post-
operative hearing disability in about one-third of
otosclerosis patients with bilateral hearing loss,
despite good results from unilateral surgery. In the
current study, the pre-operative air conduction
thresholds and proportions of mixed hearing loss
were highest in bilateral asymmetrical hearing
impairment patients, intermediate in bilateral sym-
metrical hearing impairment patients, and lowest in
unilateral hearing impairment patients. Therefore,
knowledge of stapedotomy success rates in patients
with different types of hearing impairment may be
helpful in pre-operative counselling.

Pre-operative bone thresholds are usually
considered the limiting factor for achievable post-
operative air conduction improvement.29 The post-
operative changes in bone conduction thresholds
caused by otosclerosis were initially described by
Carhart30 and Davis and Silverman.31 More recent
reports have demonstrated better post-operative
results in patients with good pre-operative cochlear
reserve.32 Moscillo et al.33 evaluated bone conduc-
tion threshold changes following stapedectomy, and
found greater improvement in bone conduction
thresholds in younger patients; they concluded that
normal bone conduction thresholds were a prerequi-
site for successful surgical outcome. In addition,
Ramsay and Linthicum34 found that patients with
pre-operative mixed hearing loss more frequently
suffered profound post-operative sensorineural
hearing loss (SNHL). However, the controversy
over using pre-operative bone conduction for prog-
nostic purposes remains. The 1995 American
Academy of Otolaryngology, Head and Neck
Surgery guidelines, which use post-operative bone
conduction thresholds for ABG calculation, have
been criticised because bone conduction thresholds
can change unpredictably.35 For example, bone con-
duction thresholds may either improve, due to Car-
hart’s effect, as a result of successful mobilisation
of the ossicular chain, or worsen as a result of surgical
trauma.36 – 39 Bone conduction audiometry may have
limitations owing to difficulties with masking,
especially in cases of severe bilateral conductive
hearing impairment.40

The current study identified the best pre- and post-
operative bone conduction thresholds in unilateral
hearing impairment patients, and the worst such par-
ameters in bilateral asymmetrical hearing impair-
ment patients, who would probably require
post-operative hearing aids (Table III). This is in
agreement with our finding of the highest proportion
of mixed hearing loss in the bilateral asymmetrical
hearing impairment group, and the highest

proportion of post-operative normal hearing in the
unilateral hearing impairment group. Therefore, a
combination of the quantification of Carhart’s
effect, based on pre-operative bone conduction,36

together with the known incidence of SNHL in the
series, enabled reasonably accurate prediction of
post-operative results. Further investigation of the
predictive value of pre-operative bone conduction
threshold, using the Glasgow benefit plot, is ongoing
in our department. Future research will compare the
predicted and actual results of stapedotomy.

Many authors have tried to identify prognostic
factors for successful middle-ear surgery by analysing
pre-operative audiometric data and operative findings.
Gerard et al.41 studied the outcomes of 147 primary sta-
pedotomies, reporting ABG closure to ,10 dB in 60
per cent of cases, but did not detect any factor that
was predictive for post-operative hearing thresholds.
Blakley et al.42 found improved outcomes in patients
with less severe pre-operative hearing loss, and con-
cluded that pre-operative hearing thresholds predicted
post-operative hearing. Ueda et al.43 investigated pre-
operative ABG, and found that a smaller pre-operative
ABG resulted in better post-operative ABG closure.
Therefore, if one considers only technical success in
the operated ear, better pre-operative air conduction
thresholds and smaller ABGs are associated with
more successful surgical outcomes.

The patient’s assessment of the benefits of surgery
may not always match that of the surgeon. For
example, a patient with very severe hearing loss may
experience a large functional benefit from surgery.
Browning44 concluded that the magnitude of air con-
duction threshold change was more important for
patient satisfaction than the achievement of techni-
cally normal hearing in the operated ear. Patients
with pre-operative bilateral hearing impairment
report a greater benefit from surgery than do those
with unilateral hearing impairment, provided the
hearing threshold of the operated ear is better than
that of the non-operated ear. Following analysis of
patients’ reports of surgical benefit, Browning44

removed the horizontal 30 dB line from the modified
Glasgow benefit plot.44 Further modification of the
Glasgow benefit plot has recently been reported by
Schmerber et al.,22 who proposed the quartile
benefit plot. This plot includes the additional criteria
of ABG closure to ,10 dB and absence of post-
operative SNHL, providing a more sensitive measure-
ment of both the technical and functional benefits of
stapes surgery. From an historical perspective,
increasingly comprehensive assessments of audio-
metric outcomes have resulted in shrinking success
rates: from 85–95 per cent in series reported by the
‘fathers of stapes surgery’,1 – 3,13 – 15 to 78 per cent
when evaluated by the ‘Belfast rule of thumb’, to 62
per cent when assessed with the Glasgow benefit
plot,5 and finally to 39 per cent when calculated by
the quartile benefit plot.22 The imposition of more
stringent criteria for evaluation of surgical results
has led to lower success rates.

The definitions of technical success used by
current methods, however, are limited by a focus on
the achievement of hearing levels of a certain
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number of decibels in one or both ears. Evaluation of
the benefit of treatment is more complex, and
additional methods assessing the patient’s quality
of life are needed to provide more balanced final
answers.45 Ramsay noted that even patients with
excellent audiometric results frequently presented
with symptoms of noise intolerance and sound distor-
tion, which negatively affected their subjective esti-
mate of surgical benefit.46 This observation is also
supported by Hall et al.,47 who demonstrated that
some patients with normal pure tone thresholds
after stapedotomy continued to experience signifi-
cant hearing disability due to abnormal binaural
hearing function. A recent study on the quality of
perceived sound following stapedotomy found that
audiometric improvement does not always correlate
with an improvement in sound perception.48 This
study also found that patients with post-operative
air conduction PTAs of ,30 dB had better handicap
scores than those with air conduction PTAs of
.30 dB. This is in agreement with the results of
other studies which have demonstrated that improve-
ment in post-operative hearing thresholds results in
better speech recognition scores and, subsequently,
in better quality of life.49,50 Therefore, using a
patient’s pre-operative hearing impairment to
predict their surgical outcome enables pre-operative
counselling to be better oriented towards patient
expectations. For practical purposes, the combi-
nation of conventional methods and pre-operative
bone conduction PTAs (as per the Glasgow benefit
plot) provides a working tool enabling reasonably
accurate prediction of post-operative hearing. This
combination of technical and functional criteria
also allows meaningful comparison of surgical tech-
niques, and contributes to the improved quality of
future research.

. Stapedectomy was introduced by Shea in 1956;
since then, the primary measures of surgical
success have been air–bone gap closure and
improvement of air conduction threshold in
the operated ear

. This study investigated the largest reported
series of primary stapedotomies evaluated
with the Glasgow benefit plot

. Bilateral post-operative hearing function was
found to depend on the type of pre-operative
hearing impairment

. Pre-operative bone conduction thresholds,
corrected for Carhart’s effect, are useful for
predicting post-operative air conduction in
stapedotomy candidates

Conclusions

In this study, a group of 751 patients undergoing
primary unilateral stapedotomy was simultaneously
evaluated according to the 1995 American
Academy of Otolaryngology, Head and Neck
Surgery guidelines and the Glasgow benefit plot

criteria. The addition of the Glasgow benefit plot cri-
teria to conventional parameters enabled detailed
representation of bilateral hearing in each case, and
identification of successes and failures. The best
functional results were demonstrated in patients
with unilateral hearing impairment. Socially accepta-
ble hearing was achieved in 78 per cent of patients
with unilateral conductive hearing loss. Patients
with bilateral symmetrical hearing loss were more
likely to benefit from second ear surgery, in terms
of achieving bilateral, symmetrical, serviceable
hearing. Patients with bilateral, asymmetrical,
mixed hearing loss would probably require post-
operative rehabilitation with hearing aids. Bilateral
post-operative hearing function depended on the
type of pre-operative hearing impairment. Pre-
operative bone conduction thresholds, corrected for
Carhart’s effect, can be used to predict post-
operative air conduction thresholds in stapedotomy
candidates.

References

1 Sheehy JL, Nelson RA, House HP. Stapes surgery at the
Otologic Medical Group. Am J Otol 1979;1:22–6

2 McGee TM. Comparison of small fenestra and total stape-
dectomy. Ann Otol Rhinol Laryngol 1981;90:630–636

3 Hough JV. Otosclerosis. Arch Otolaryngol 1965;81:630–9
4 Smyth GDL, Patterson CC. Results of middle ear recon-

struction: do patients and surgeons agree? Am J Otol
1985;6:276–9

5 Toner JG, Smyth GDL. Comparison of methods of evalu-
ating hearing benefit of middle ear surgery. J Laryngol
Otol 1993;107:4–5

6 Browning GG, Gatehouse S, Swan IR. The Glasgow
Benefit Plot: a new method for reporting benefits from
middle ear surgery. Laryngoscope 1991;101:180–5

7 Browning GG. Reporting the benefits from middle ear
surgery using the Glasgow Benefit Plot. Am J Otol 1993;
12:135–40

8 Browning GG. Choice, advice and assessment of patients
for ear surgery. J R Soc Med 1996;89:571–6

9 Smyth GDL. Facts and fantasies in modern otology; the
ear doctor’s dilemma. J Laryngol Otol 1992;106:591–6

10 Anonymous. Committee on Hearing and Equilibrium
guidelines for the evaluation of results of treatment of con-
ductive hearing loss. Otolaryngol Head Neck Surg 1995;
113:186–7

11 Smyth G. Practical suggestions on stapedotomy. Laryngo-
scope 1982;92:952–3

12 Fisch U. Stapedotomy vs. stapedectomy. Am J Otol 1982;4:
112–17

13 Shea J. Forty years of stapes surgery. Am J Otol 1998;19:
52–5

14 Marquet J. Stapedotomy technique and results. Am J Otol
1985;6:63–7

15 Shea J, Sanabria F, Smyth G. Teflon Piston operation for
otosclerosis. Arch Otolaryngol 1962;76:516–21

16 Huang SC, Stanley RE. Stapedectomy at the Singapore
General Hospital – use of functional hearing analysis. Sin-
gapore Med J 1995;36:158–62

17 Szymanski M, Siwiec H, Golabek W. Glasgow Benefit Plot
for evaluation of stapedectomy results [in Polish]. Otolar-
yngol Pol 2003;57:403–6

18 Subramaniam K, Eikelboom RH, Marino R, Atlas MD,
Rajan GP. Patient’s quality of life and hearing outcomes
after stapes surgery. Clin Otolaryngol 2006;31:273–9

19 Caces F, Braccini F. Comparative study using AAO-HNS
guidelines for conductive hearing loss and Glasgow
Benefit Plot to evaluate results of stapes surgery for oto-
sclerosis. Rev Laryngol Otol Rhinol 2007;128:47–53

20 Porter MJ, Zeitoun H, Brookes GB. The Glasgow Benefit
Plot used to access the effect of bilateral stapedectomy.
Clin Otolaryngol 1995;20:68–71

V KISILEVSKY, N A BAILIE, J J HALIK488

https://doi.org/10.1017/S0022215110000204 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215110000204


21 De Bruijn AJ, Tange RA, Dreschler WA. Evaluation of
second-ear stapedotomy with the Glasgow benefit plot.
ORL J Otolaryngol Relat Spec 1999;61:92–7

22 Schmerber S, Karkas A, Righini CA, Chahine KA. The
quartile benefit plot: a middle ear surgery benefit assess-
ment scheme. Laryngoscope 2008;118:1–6

23 Persson P, Harder H, Magnuson B. Using the Glasgow
benefit plot as a prognostic instrument and for preoperative
counselling in patients with otosclerosis. Otol Neurotol
2007;28:739–44

24 Magliulo G, Cristofari P, Terranova G. Functional hearing
results in revision stapes surgery. Am J Otol 1997;18:
408–12

25 Glasscock ME, McKennan KX, Levine SC. Revision sta-
pedectomy surgery. Otolaryngol Head Neck Surg 1987;96:
141–8

26 Palva T, Ramsay H. Revision surgery for otosclerosis. Act
Otolaryngol (Stockh) 1990;110:416–20

27 Gros A, Vatovec J, Zargi M, Jenko K. Success rate in revi-
sion stapes surgery for otosclerosis. Otol Neurotol 2005;26:
1143–8

28 Lundman L, Mendel L, Bagger-Sjoback D, Rosenhall U.
Hearing in patients operated unilaterally for otosclerosis.
Self-assessment of hearing and audiometric results. Acta
Otolaryngol 1999;119:453–8

29 De Bruijn AJ, Tange RA, Dreschler WA. Efficacy of evalu-
ation of audiometric results after stapes surgery in oto-
sclerosis. The effects of using different audiologic
parameters and criteria on success rates. Otolaryngol
Head Neck Surg 2001;124:76–83

30 Carhart R. Clinical application of bone conduction audio-
metry. Arch Otolaryngol 1950;51:798–808

31 Davis H, Silverman D. Hearing and Deafness, 3rd edn.
New York: Holt, Rinehart & Winston, 1970;105

32 Satar B, Sen D, Karahatay S, Birkent H, Yetiser S. Effect of
cochlear reserve on postoperative outcome in otosclerosis.
Eur Arch Otolaryngol 2007;264:489–93

33 Moscillo L, Imperiali M, Carra P, Catapano F, Motta G.
Bone conduction variation poststapedotomy. Am J Otolar-
yngol 2006;27:330–3

34 Ramsay HA, Linthicum FH. Mixed hearing loss in oto-
sclerosis: indication for long-term follow-up. Am J Otolar-
yngol 1994;15:536–9

35 Black B. Reporting results in ossiculoplasty. Otol Neurotol
2000;24:534–42

36 Cook JA, Krishnan S, Fagan PA. Quantifying the Carhart
effect in otosclerosis. Clin Otolaryngol 1995;20:258–61

37 Vartiainen E, Karjalainen S. Bone conduction thresholds
in patients with otosclerosis. Am J Otolaryngol 1992;13:
234–6

38 Smyth GDL, Hassard TH. Eighteen years experience in
stapedectomy. Ann Otol Rhinol Laryngol 1978;87:3–36

39 Soudry E, Sulkes J, Attias J, Naegris BI. Bone conduction
in otosclerosis – operated versus non-operated ears. J
Basic Clin Physiol Pharmacol 2007;18:189–99

40 Giles M, Browning GG, Gatehouse SG. Problems in asses-
sing the audiogram in patients with severe hearing impair-
ment. J Laryngol Otol 1999;110:727–31

41 Gerard JM, Serry P, Gersdorff C. Outcome and lack of
prognostic factors in stapes surgery. Otol Neurotol 2008;
29:290–4

42 Blakley BW, Kim S, VanCamp M. Preoperative hearing
predicts postoperative hearing. Otolaryngol Head Neck
Surg 1998;119:559–63

43 Ueda H, Miyazawa T, Asahi K, Yanagita N. Factors affect-
ing hearing results after stapes surgery. J Laryngol Otol
1999;113:417–21

44 Browning GG. Do patients and surgeons agree? The
Gordon Smyth memorial lecture. Clin Otolaryngol 1997;
22:485–96

45 Meyer SE, Megerian CA. Patient’s perceived outcomes
after stapedectomy for otosclerosis. Ear Nose Throat J
2000;79:846–56

46 Ramsay H, Karkkainen J, Palva T. Success in surgery for
otosclerosis: hearing improvement and other indicators.
Am J Otolaryngol 1997;18:2–28

47 Hall JW, Grose JH, Pillsbury HC. Predicting binaural
hearing after stapedectomy from presurgery results. Arch
Otolaryngol Head Neck Surg 1990;116:946–50

48 Tan FM, Grolman W, Tange RA, Fokkens WJ. Quality of
perceived sound after stapedotomy. Otolaryngol Head
Neck Surg 2007;137:443–9

49 Lippy WH, Burkey JM, Arkis PN. Word recognition score
changes after stapedectomy for far advanced otosclerosis.
Am J Otol 1998;19:56–8

50 Stewart MG. Outcomes and patient-based hearing status in
conductive hearing loss. Laryngoscope 2001;111:1–21

Address for correspondence:
Dr V Kisilevsky,
8N-Room 873,
Toronto General Hospital,
200 Elizabeth Street,
Toronto, Ontario,
M5G 2C4 Canada.

Fax: þ1 416 340 3327
E-mail: vitalykis@yahoo.com

Dr V Kisilevsky takes responsibility for the integrity
of the content of the paper.
Competing interests: None declared

STAPEDOTOMY HEARING RESULTS EVALUATED BY GLASGOW BENEFIT PLOT 489

https://doi.org/10.1017/S0022215110000204 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215110000204

