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ABSTRACT T 

Thiss study reports the evaluation of the results after 72 stapedotomies in patients with 
bilaterall  otosclerosis. All pre- and postoperative audiological data, together with all relevant 
informationn of the operations, were stored in a data base and analysed retrospectively. The 
Glasgoww Benefit Plot is a useful method to evaluate the hearing results of each individual ear 
afterr stapes surgery in a more functional way rather than from a technical standpoint. 
Therefore,, it has been used to assess the benefit obtained after second-ear stapedotomy. From 
thee results it appears that a second operation on the contralateral side increases the chances 
off  achieving at least one "normal"-hearing ear, and it makes symmetrical "normal" hearing 
possiblee in the majority of the cases. 

INTRODUCTION N 

Thee decision to perform second-ear stapes surgery in patients with significant bilateral con-
ductivee hearing losses due to otosclerosis is still controversial. There is a risk of immediate or 
delayedd sensorineural hearing loss (SNHL), and patients operated on both sides are exposed 
too the risk twice. The policy of our institution is to offer a second operation on the contralat-
erall  side to patients who had a good result after the first stapes operation without any specific 
technicall  problems which might increase the risk of immediate or delayed complications. 
Patientss are fully counselled about the potential risks of bilateral surgery. 
Mostt often evaluations of the hearing results after stapes surgery have been described with 
referencee to improvement in air-conduction (AC) thresholds, closure of air-bone gap (ABG) 
andd achieving socially acceptable hearing in the operated ear. These methods are relevant in 
thatt they assess the technical success of the operation, but they do not take account of the 
hearingg in the contralateral ear and, therefore, do not necessarily assess the functional benefit 
thee patient obtains from the surgical procedure. 

Recently,, de Bruijn et al.1 have published a more disability-oriented method of evaluating the 
benefitss of second-side stapes surgery using American Medical Association-criteria. It was 
shownn that the percentage of binaural hearing impairment and the percentage of 
impairmentt of the whole person declined significantly after the first-ear operation. The 
benefitt of a second-ear stapes operation appeared from a further statistically significant 
declinee of both the binaural hearing impairment and the degree of disability. 
Thee reported results in the above-mentioned study were mean values of several audiological 
parameterss including binaural hearing impairment and impairment of the whole person. It 
is,, however, also illustrative to report the hearing results of each individual ear after the first-
andd second-side surgery. Browning et al.3 introduced in 1991 the Glasgow Benefit Plot 
(GBP)) which provides an analysis of hearing results of each ear separately. This method takes 
alsoo the hearing in the nonoperated ear into consideration which makes it a useful 
instrumentt for assessing functional benefit a patient can achieve after surgery. 
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Thee aim of this study was to obtain impression of the benefit of second-ear stapedotomy of 
eachh individual ear by plotting the AC thresholds of each patient after their first-ear and next 
afterr their second-ear stapes operation according to the criteria of the GBR 

PATIENTSS AND METHODS 

Forr this retrospective study, all important data from 72 operations in 36 patients were stored 
inn a data base. We took the same patients into account as previously reported1 who had both 
operationss in our hospital. All these patients were operated by the second author. The patient 
groupp consisted of 14 men and 22 women with a median age of 34 (range 12 - 65 ) years at 
thee time of their first-ear operation. The surgical approach to the middle ear was in all cases 
transcanal.. In all cases the micro-pick technique described by Marquet4 was used to create a 
smalll  fenestra in the stapes footplate. 
Conventionall  pure-tone audiograms were available before every operation and 2-3 months 
afterr the operation in all patients. All audiograms were performed by qualified personnel 
accordingg to the ISO 1975 standard. From the audiograms the mean AC thresholds were 
takenn over 0.5, 1 and 2 kHz. Also the mean bone-conduction (BC) thresholds over the same 
frequenciess were calculated. 
Inn our study we used the GBP as described in 1997.5 In this plot the vertical axis represents 
thee mean AC threshold in the ear to be operated on, and the horizontal axis represents the 
meann AC threshold in the nonoperated ear (Fig. 1). Thus for each patient there is a vector 
joiningg the pre- and postoperative co-ordinates. "Normal hearing" has been defined as an 
ACC threshold of < 30 dB, and for the GBP this definition is represented graphically by the 
verticall  and horizontal lines. "Symmetrical hearing" has been defined as an intra-aural 
differencee in AC of < 20 dB, and the two diagonal lines in the GBP enclose the area within 
whichh the hearing is regarded as symmetric. 
Thee concept of the GBP is to group patients into different pre- and postoperative categories, 
ass the potential benefits from stapes surgery are not the same in each group. Browning dis-
tinguishess six categories: category 1: bilateral "normal" hearing; categories 2 and 3: unilateral 
"normal""  hearing; categories 4 and 6: bilateral hearing impairment with asymmetric thresh-
olds;; category 5: bilateral hearing impairment with symmetric thresholds. 
Figuree 2 illustrates the seven different audiometric changes of categories after surgery. To 
preventt overcrowded and unclear plots, we choose to make a plot for each category after the 
firstt operation and next to make a second plot to evaluate to what postoperative categories 
thee hearing of the same patients changed after the operation at the second side. 
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Fig.. 1. GBP with six different pre-/postoperative categories. Category I = bilateral "normal" hearing; 
categoriescategories 2 and 3 = unilateral "normal" hearing; categories 4 and 6 = bilateral hearing 
impairmentimpairment with asymmetric thresholds; category 5 = bilateral hearing impairment with 
symmetricsymmetric thresholds. AC = Air conduction. 
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Fig.. 2. GBP with the seven possible postoperative changes into different categories. Each patient is 
categorisedcategorised according to the situation before surgery. The change in hearing of every patient is 
indicatedindicated by a vector joining the pre- and postoperative co-ordinates. AC = Air conduction. 
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RESULTS S 

Inn reporting our data, the starting point is the hearing level prior to the operation at the first 
side,, and we could group patients either into category 6,5, or 4. From each category the pre-
andd postoperative hearing thresholds after the first and second operation are shown in fig-
uress 3-5, respectively.. Table 1 shows the results with regard to the number of patients in each 
preoperativee category prior to the first-ear operation against the number of patients who 
changedd into each potential postoperative category after the first- and second-ear operation. 
Thee mean time between the operation at the first side and the second side was 27 (range 7-
123)) months. There were 5 cases of revision surgery in patients who already had a stapes 
operationn before in another hospital. These are patient "7" in figure 3, patients "1" "14" and 
"17""  in figure 4 and patient "4" in figure 5; all these patients had revision surgery on the side 
operatedd first. 
Off  the twelve patients in preoperative category 6, ten patients changed into category 3 after 
thee operation on the first side (Fig. 3a). Bilateral "normal" hearing (category 1) was achieved 
inn nine patients after the second-ear operation (Fig. 3b). The mean hearing improvement in 
alll  twelve patients was 35.7 dB (SD  9.5) after the first-ear operation and 21.0 dB (SD  6.8) 
afterr the second-ear operation. 
Beforee the first-ear operation, there were twenty patients in category 5 with bilaterally 
impairedd but symmetrical thresholds, and sixteen patients changed into category 3 after first-
sidee surgery (Fig. 4a). Eventually fifteen patients achieved a category 1 result after their sec-
ond-sidee operation (Fig. 4b). The mean gain in hearing was 28.0 dB (SD  13.4) after the 
first-sidefirst-side and 27.3 dB (SD  10.3) after the second-side operation in all twenty patients. 
Fourr patients were grouped in category 4 who had their first operation at the best-hearing 
ear.. After the operation on the first side three patients changed into category 3 (Fig. 5a), and 
thee same three patients obtained bilateral "normal" hearing levels after second-ear surgery 
(Fig.. 5b). The hearing improved with 24.5 dB (SD  5.4) after the first-ear operation and 
withh 39.0 dB (SD  9.4) after the second-earr operation. 
Patientt "12" in figure 3, patients "18" and "20" in figure 4 and patient "4" in figure 5 are 
patientss who had mixed impairments with BC thresholds >30 dB, and it was, therefore, not 
possiblee to achieve socially acceptable hearing without overclosure of the ABG. All of these 
patientss had a closure of the ABG within 10 dB both in the first and second operated ear. 
Patientt "17" in figure 4 had a SNHL of 25 dB directly after the operation on the first side. 
Thiss patient had been operated before on this side in another hospital and was considered for 
revisionn surgery because of a poorly fitting prosthesis. Postoperatively the ABG was reduced 
fromfrom 42 to 5 dB, while the mean AC thresholds at 500, 1000 and 2000 Hz (PTA) in this 
patientt improved from 55 to 42 dB. In our series there were no other patients with SNHL 
exceedingg 10 dB. None of the patients complained of persistent vertigo. 
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Fig.. 3. Pre- ) and postoperative ) AC thresholds for every patient grouped into preoperative category 
66 before first-side surgery. Each patient is indicated by an Arabic numeral. A, Results after 
stapedotomystapedotomy on the first side. B, Results after stapedotomy on the second side. 
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Fig.. 4. Pre- ) and postoperative (A) AC thresholds for every patient grouped into preoperative category 
55 before first-side surgery. Each patient is indicated by an Arabic numeral. A, Results after 
stapedotomystapedotomy on the first side. B, Results after stapedotomy on the second side. 
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Fig.. 5. Pre- ) and postoperative (A) AC thresholds for every patient grouped into preoperative category 
44 before first-side surgery. Each patient is indicated by an Arabic numeral. A, Results after 
stapedotomystapedotomy on the first side. B, Results after stapedotomy on the second side. 
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Tablee 1. Number of patients in each preoperative category against the number of patients who changed 
intoo each potential postoperative category after operation on the first and second side. 

Pre--
operative e 
Category y 

6 6 

5 5 

4 4 

No.. of 
Patients s 

12 2 

20 0 

4 4 

Firstt Side 

11 2 3 

10 0 

16 6 

3 3 

Postoperative e 

44 5 

11 1 

4 4 

1 1 

Category y 

Secondd Side 

1 22 3 4 5 

9 - 1 - 2 2 

155 1 1 1 2 

33 - - - 1 

DISCUSSION N 

Otosclerosiss is characterised by a slowly progressive hearing loss which initially affects one 
ear,, but later affects both ears in most patients. Nowadays stapes surgery has established its 
positionn as the primary treatment of conductive hearing losses in otosclerosis. The patient 
whoo has had a successful stapes surgery with hearing improvement on one side will often ask 
thee surgeon to perform an operation in the second ear. The low risk of delayed SNHL after 
stapedotomyy appears to support the policy of performing a second-ear operation for 
optimumm auditory rehabilitation. 
Conventionally,, the results of stapes surgery are reported in terms of improvement in AC 
thresholdss and postoperative closure of the ABG. These methods are appropriate for the 
purposee of assessing the surgical success. It is, however, also important to be aware of the 
benefitt a patient will obtain after stapes surgery, especially when considering second-ear sur-
gery.. In this respect the GBP can be a useful instrument because it allows a prediction of the 
potentiall  functional gain a patient will obtain from surgery. In doing so, it is important to 
establishh the preoperative category of every patient because the benefit will be different for 
eachh category. The maximal feasible result can be derived from the preoperatively measured 
BCC threshold in the ear to be operated on. Thus, it is possible to predict into which postoper-
ativee category the patient will change after a technically successful operation. 
Itt was originally stated that if an ear shows sensorineural hearing with a threshold above the 
"normal""  border of 30 dB, it is questionable whether an operation should be performed in 
suchh a case. This certainly applies to patients who have normal hearing in the first operated 
earr and who are under consideration for a second operation in an ear with a BC threshold of 
>300 dB. The hearing would stay impaired in the second operated ear, possibly necessitating a 
hearingg aid. On the other hand, it is known that stapes surgery can substantially improve the 
BCC threshold due to the Carhart effect11, and in these cases an overclosure can be achieved 
resultingg in "normal" hearing. 
Becausee the GBP is a valuable method to evaluate the benefit a patient derives from stapes 
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surgery,, we used this method for our bilaterally operated patients to judge if it was worth-
whilee to perform second-ear surgery, and consequently expose patients to potential surgical 
riskss for a second time as mentioned in the Introduction. 
Afterr the operation on the first side 80.5 % (29/36) changed to category 3 and had "normal" 
hearingg in the operated ear. Prior to second-ear surgery, these patients were grouped into 
preoperativee category 2, and in only one patient (indicated as patient "10" in figure 4) it was 
nott succeeded to achieve bilaterally "normal" hearing. Postoperatively this patient had an AC 
thresholdd of 32 dB in the second operated ear, while the ABG was closed to within 10 dB. The 
hearingg was practically symmetrical in this patient, and he was not dependent on a hearing 
aid.. In the total group of patients, "normal" hearing in both ears was achieved in 75 % (27/ 
36)) after bilateral surgery. Of the bilaterally operated patients reported by Porter et al.12, 35 
%% had a BC threshold above 30 dB, and eventually 65 % achieved "normal" hearing. Also in 
thiss study the GBP was used to assess the benefit of bilateral stapes surgery. 
Itt is important to realise that a good result in the opinion of the surgeon with regard to 
benefitt is not always a good result in view of the patient, as Browning5 has shown in his 
recentt study. In this study the opinion of the patient about benefit was compared with that of 
thee surgeon after unilateral surgical procedures with the aim to improve hearing. It was 
foundd that patient's benefit is related to the magnitude of improvement in the AC threshold, 
andd in addition the preoperative category was more important than the achievement of 
"normal""  hearing with a threshold of <30 dB. Consequently, Browning5 adjusted the GBP by 
removingg the horizontal 30-dBHL line and retaining the vertical 30-dBHL line for 
preoperativee categorisation purposes. 

Anotherr finding of Browning's study was that in the patients' opinion benefit after unilateral 
surgeryy is twice as great in those with bilateral hearing impairment as those with unilateral 
hearingg impairment, provided that the operated ear is made the better hearing ear. This sug-
gestss that in our series the majority of the bilaterally operated patients experienced more 
benefitt from their first-ear operation than from their second-ear operation. The GBP keeps 
hiss value especially for identifying bilaterally impaired patients in whom it is not possible to 
makee the operated ear the better-hearing ear because the preoperative BC thresholds are no 
betterr than the AC thresholds in the nonoperated ear. In our series we had a patient (indi-
catedd as patient "12" in figure 3) who had a category 5 result after the first-side operation; the 
hearingg in the operated ear was not substantially improved in comparison with the contralat-
erall  ear, although the ABG was reduced to <10 dB. Also a second-ear stapedotomy in this 
patientt was less beneficial. There was a technical good result of the operation (ABG closure 
withinn 10 dB), but this patient remained in category 5. In retrospective, it is questionable 
whetherr it was worthwhile to perform a second-ear stapedotomy in this patient. 
Inn our opinion, it is important to relate improvement of hearing after stapes surgery to the 
possibilitiess of hearing aid fitting, as the latter can profit from the gain in sensitivity due to 
stapedotomy.. Postoperatively, we can use less powerful hearing aids (e.g. in-the-ear aids), 
andd the problems of acoustical feedback will be reduced. In the case of patient "20" in figure 
44 a technically successful second ear stapedotomy (the ABG was closed to within 10 dB) had 
changedd this patient into postoperative category 5. So, in this situation stereophonic fitting 
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off  hearing aids is possible, and we may expect that this wil l result in improved hearing in 

backgroundd noise and less hindrance of reverberation. A second-ear stapedotomy in the case 

off  patient "12" in figure 3 was also less beneficial with regard to hearing rehabilitation, 

becausee this patient remained in postoperative category 5 which indicates not a substantial 

improvementt of stereophonic fitting of hearing aids. 

Thee functional benefit of stapes surgery is more complicated than we initiall y thought of, 

andd evaluation of the benefit of second ear stapes surgery makes it not easier. However, using 

thee GBP helps one to identify the patients who wil l have less benefit of stapes surgery and 

particularlyy of second-ear stapes surgery. In some cases the effects of wearing a hearing aid 

shouldd be included in the decision to perform stapes surgery. From the results of this study it 

wass concluded that a second-ear stapedotomy improves the chance of achieving "normal" 

andd symmetrical hearing and that patients who had a good result from the first-ear opera-

tionn may expect a good result from their second-ear operation. 
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