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Chapterr 9 

ABSTRACT T 

AA retrospective, nonrandomized chart review of 79 cases undergoing revision stapes surgery 
wass undertaken to identify causes of failure after prior otosclerosis surgery, to assess whether 
thesee are different based on source of initial surgery, and to evaluate results with regard to 
hearingg outcome. Preoperative symptoms, intraoperative findings, causes of failure, surgical 
techniques,, complications, and repeated revisions were recorded. Pre- and postoperative 
audiometricc data from pure-tone and speech audiometry were analysed and related to sev-
erall  operative findings and techniques. Most common causes of previous stapes surgery fail-
uree included dislocated prosthesis (27 %), incus erosion (13 %), inadequate prosthesis length 
(111 %), and fibrous adhesions (10 %). Postoperative air-bone gaps were computed using the 
conventionall  method (i.e. postoperative air conduction minus preoperative bone conduc-
tion)) as well as using the guidelines from the American Academy of Otolaryngology - Head 
andd Neck Surgery (postoperative air conduction minus postoperative bone conduction), 
withh success rates of air-bone gap closure to within 10 dB after revision surgery of 64 % and 
600 %, respectively. Sensorineural hearing loss (decline of more than 10 dB in bone pure-tone 
average)) occurred in 1.3 %. Hearing results were analysed for subgroups showing no statisti-
call  differences with regard to number of revisions and the absence of a usable incus for 
reconstruction.. Revision surgery for persistent conductive hearing loss after initial surgery 
hadd a less beneficial hearing outcome compared to surgery for those cases that initially 
improved,, then developed recurrent conductive losses. Findings and results in this study are 
discussedd and related to the findings and results from other studies revealed in literature 
review. . 

INTRODUCTION N 

InIn spite of many improvements and refinements that have been accomplished in stapes 
surgeryy over the past four decades, there continues to be short-term and long-term failures. 
AA wide range of causes can be identified in the failure of primary stapes cases for otosclerosis, 
andd even in the hands of the most experienced otologic surgeons, a stapes operation can 
resultt in a less satisfactory outcome. According to the literature, frequently mentioned causes 
off  failure with respect to the restoration of conductive hearing loss, are prosthesis 
malfunction,, long process resorption and fibrous adhesions.1'20 In many cases multiple 
factorss are involved in the recurrence of hearing loss. Also the occurrence of perilymph 
fistulae,fistulae, leading to symptoms like vertigo and sensorineural hearing loss (SNHL), are reasons 
too consider a revision procedure.l~20 It is well recognised that, overall, postoperative hearing 
resultss after revision surgery are not as good as in the primary cases, and furthermore, due to 
innerr ear trauma, SNHL is more likely to occur. In the literature, successful results, defined as 
aa postoperative air-bone gap (ABG) closure to within 10 dB, have been reported in 17 % to 
800 % of cases, with a mean of approximately 50 % in most series.1"20 In the same series, the 
postoperativee SNHL, defined as a decline in bone conduction threshold of more than 10 dB, 
wass found in the range of 0 % to 12 % of cases. 
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Reportss dealing with revision stapes surgery are valuable for the otologic surgeon, as they can 
leadd to adaptations of the techniques to perform otosclerosis surgery. Sheehy and House were 
thee first to report about failures in stapes surgery and the need for revision surgery.21 The 
mostt common cause of their series was a displaced polyethyleen strut. Slippage of the strut 
intoo the vestibule were associated with SNHL and vertigo. These complications were also 
frequentlyy reported in later published series which led to the virtual abandonment of the 
polyethyleenn strut. Later, the wire Gelfoam prosthesis was abandoned because of the 
reportedd association with fistula of the oval window.3 An adaptation introduced in the 
eightiess and nineties is the use of laser surgery in revision cases.8,12,16 

Too highlight the problems encountered in revision stapes surgery, as well as to allow us to 
betterr counsel our revision candidates with respect to the potential risks and rewards of revi-
sionn surgery, a retrospective study was undertaken of our revision operation files. The 
presentt study reports the type of the initial procedure used, the alleged cause of failure, the 
appliedd surgical solutions and the audiometric results. Furthermore, a review of the litera-
turee was performed to compare our findings and results with those of other reports. 

MATERIAL SS AND METHODS 

Dataa were retrieved from every consecutive patient who underwent revision stapes surgery 
forr otosclerosis during a twelve years period from January 1987 to December 1998. During 
thiss period 80 revision operations were performed by the second author. Of the total amount 
off  patients we had to exclude one case from analysis because data were missing. The remain-
ingg 79 cases which were considered for analysis concerned 75 patients. In one patient revi-
sionn surgery was done at both sides. Two patients needed a second revision operation, of 
whomm one patient needed revision surgery for the third time. The patient group consisted of 
488 women and 27 men with a mean age of 39.9 years (range 13-76) at the time of their oper-
ationn in our hospital. The distribution between left and right ears was approximately even. 
Alll  revision procedures were performed under general anaesthesia via a standard transcanal 
approach.. Detailed intraoperative findings and surgical techniques were recorded as opera-
tivee notes as well as postoperative diagrams. 
Preoperativee audiometric data were obtained from the most recent audiogram prior to sur-
geryy which was within 3 months of the operation in every case. In 85% the audiograms of 
moree than 1 year postoperatively were available. The average postoperative time was 16.2 
(rangee 12-72) months and audiometric data of these audiograms were used for analysis. In 
thee other 15 % audiometric data were used from the audiograms between 6 weeks and 6 
monthss following revision surgery with an average postoperative time of 2.8 (range 1.8-5.2) 
months.. All audiograms were performed by classified personnel according to the ISO-389 
(1975)) standard. 
Thee guidelines of the Committee on Hearing and Equilibrium of the American Academy of 
Otolaryngology-Headd and Neck Surgery22 advocates the use of a four frequency pure-tone 
averagee (PTA) at 0.5, 1, 2, and 3 kHz for evaluation of hearing results. However, in our clinic 
thee air-conduction (AC) thresholds are routinely measured at the octave intervals from 0.125 
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too 8 kHz and the bone-conduction (BC) thresholds at the octave intervals from 0.25 to 4 kHz 
withh adequate masking. The PTA at 3 kHz is measured only when the difference between the 
thresholdss at 2 kHz and 4 kHz exceeds 20 dB. Therefore, the threshold at 4 kHz was used 
insteadd of at 3 kHz to calculate PTA in this study. In reporting our audiometric data we used 
thee method by taking the difference of the AC and BC thresholds of the same postoperative 
audiogramm for accounting postoperative ABG as recommended by the Committee on 
Hearingg and Equilibrium.22 To make comparison with other studies possible we also report 
thee results using the former practice of comparing the postoperative AC thresholds with 
preoperativee BC thresholds for the frequency range 0.5, 1, and 2 kHz. Postoperative 
overclosuree or SNHL was calculated by subtracting preoperative from postoperative high 
pure-tonee BC average at 1, 2, and 4 kHz. Overclosure is defined as an improvement of more 
thann 10 dB in BC while SNHL is defined as a decline of more than 10 dB in BC. 
Forr most subjects who were considered for analysis both AC and BC thresholds at the above 
mentionedd frequency ranges were available before and after surgery. However, in some sub-
jectss the hearing loss was very severe resulting in hearing thresholds which were beyond the 
maximumm output of the audiometer. In these cases the pure-tone thresholds at certain fre-
quenciess were impossible to determine and this is marked in the audiogram with an arrow 
pointingg down. It is important to consider these limitations of audiometer capacity, because 
dataa of pre- or postoperatively unmeasurable hearing thresholds could wrongly be excluded 
fromm analysis. Severe postoperative hearing loss as a consequence of an unfavourable opera-
tionn would then not be taken into account. Conversely, preoperatively severe hearing with 
measurablee hearing thresholds after operation would also be rejected. To avoid this problem 
inn these cases, thresholds were assumed to be just beyond the audiometer limitations. If AC 
orr BC was not measurable at a certain frequency a value of 10 dB above the limit for that fre-
quencyy was given. 

Inn 92.4 % (n = 73) of the cases speech audiometry was available before and after surgery. For 
eachh subject complete speech audiometry was carried out at different levels, using lists of 
phonetically-balancedd CVC-words. From these tests the pre- and postoperative speech recep-
tionn threshold (SRT) as well as the speech discrimination score (SDS) could be derived . 
Demographicc data, otologic history, intraoperative findings, details of procedure, complica-
tions,, and audiometric data were entered into a computer database and analysed with a 
spreadsheett program. 
Forr statistical analysis nonparametric tests were used for independent variables (GraphPad 
Prism®).. The Wilcoxon signed rank test was performed for paired data, whereas the Mann-
Whitneyy test was used for unpaired data. Our criterion for statistical significance was set at p-
valuess of less than 0.05 (two-tailed). 

RESULTS S 

Off  the 79 cases reviewed, 13 had their initial surgery performed by the second author, and 66 
weree referred from other physicians. Of the revision cases who had their primary operation 
performedd by the second author, there was one patient who needed a second revision opera-
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tion,, while in another patient it was necessary to do a third revision. In the group of 66 cases s 
withh primary surgery performed by another surgeon, there were 5 cases who already had one 
revisionn operation, 4 cases who had a revision operation twice and there was 1 patient who 
hadd a revision operation for the third time prior to surgery in our clinic. Time from previous 
too revision surgery ranged from 2 weeks to 35 years with an average of 5.4 years. Nineteen 
percentt had revision surgery within 1 year after their initial surgery, while 64 percent had 
theirr revision surgery within 5 years. 
Indicationss for revision surgery included recurrent conductive hearing loss in 62 cases (78.5 
%)) and persistent conductive hearing loss in 11 cases (13.9 %). In 6 cases (7.6 %) a revision 
operationn was performed because of the suspicion of a perilymph fistula: two patients had a 
SNHLL with vertigo and tinnitus within the period of three months following previous sur-
gery,, three patients complained primarily of postoperative vertigo, and one patient experi-
encedd severe tinnitus with vertigo in an ear which was already deaf for several years as a 
complicationn that occurred a few months after previous primary surgery in another clinic. 
Thee follow-up periods ranged from 6 weeks to 122 months with an average of 18.8 months. 
Eighty-fourr percent had a follow-up period of more than 1 year. 

Intraoperativee findings and causes of failure. 
Thee intraoperative findings at the time of revision surgery are summarised in Table 1. In 
somee cases more than one finding was identified that could have lead to the failure of the 
previouss operation. In such cases we selected the factor that in our opinion was the most 
likelyy cause of failure. For example in an ear with many adhesions but also with necrosis of 
thee long process of the incus, we selected the incus necrosiss as the major factor for recurrence 
off  conductive hearing loss. 
Problemss with the prosthesis were the most common cause of failure in 41.8 %. Table 2 sum-
marisess the variety of prostheses found during revision in relation to the time of revision sur-
gery,, to the cause of failure, to the condition of the incus, and to the number of replaced 
prostheses.. Full Teflon pistons, Teflon-wire pistons and metal wire pistons were the most fre-
quentlyy detected prostheses. Dislocation occurred in 11 cases at the level of the oval window, 
inn 4 cases at the long process of the incus and in another 6 cases both at the incus and oval 
windoww (Table 1). An inappropriate prosthesis length was the cause of failure in 9 cases. A 
prosthesiss that was too loose was found in 3 cases. 

Anotherr important cause of failure is a severe erosion of the long process of the incus in 12.7 
%% of the revision cases (Table 1). This problem occurred most frequently between 1 and 10 
yearss after insertion of a metal wire prosthesis and a Teflon wire prosthesis in 2 and 8 cases, 
respectivelyy (Table 2). Incus necrosis was also more frequendy seen in multiple revision 
cases;; 4 ears had previously one or more revisions. 
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Tablee 1. Intraoperative findings of revision surgery. 

% % 
Conditionn cavum tympani & tympanic membrane (n - 79) 

Fibrouss adhesions in middle ear cavity 

Tympanicc membrane perforation 

Tympanicc membrane retraction 

Chlolesteatoma a 

Anatomicall obstacles (n= 79) 

Faciall nerve overhang 

Massivee oval window otosclerosis 

Conditionn chorda tympani (n = 79) 

Intact t 

Nott intact 

Afterr revision surgery intact 

Afterr revision surgery not intact 

Conditionn of incus (n = 79) 

Intact t 

Necrosiss of long process 

Subluxation n 

Fixed d 

Missing g 

Prosthesiss related problems (n = 79) 

Noo prosthesis present 

Displacedd at incus 

Noo attachment to incus because of necrosis long process 

Displacedd at oval window 

Displacedd at incus and oval window 

Tooo short 

Loose e 

Fixed d 

Conditionn of ova! window and footplate (n = 79) 

Intactt stapes but fixed after previous mobilisation 

Reobliterationn of otosclerosis in oval window 

Fibrouss tissue in oval window 

Granulomaa tissue in oval window 

Inadequatee removal of footplate/Inadequate hole 

Depressedd footplate in vestibule 

Perilymphh fistula/leak 

43 3 

1 1 

2 2 

2 2 

2 2 

1 1 

66 6 

13 3 

62 2 

17 7 

61 1 

10 0 

1 1 

4 4 

3 3 

15 5 

4 4 

10 0 

11 1 

6 6 

9 9 

3 3 

6 6 

6 6 

5 5 

17 7 

5 5 

7 7 

1 1 

3 3 

54.4 4 

1.3 3 

2.5 5 

2.5 5 

2.5 5 

1.3 3 

83.5 5 

16.5 5 

78.5 5 

21.5 5 

77.2 2 

12.7 7 

1.3 3 

5.1 1 

3.8 8 

19.0 0 

5.1 1 

12.7 7 

13.9 9 

7.6 6 

11.4 4 

3.8 8 

7.6 6 

7.6 6 

6.3 3 

21.5 5 

6.3 3 

8.9 9 

1.3 3 

3.8 8 
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Tablee 2. Initial prostheses, timing to revision, cause of failure, and eventual prostheses replacement. 

Initiall Prosthesis 

Fulll Teflon piston 

Goldd piston 

Platinumm piston 

Teflonn Cup piston 

Teflon-Wiree piston 

Metall wire piston 

Fat-wiree piston 

Stainlesss steel 
piston n 

Polyethyleenn tube 

Totals s 

No o 

20 0 

3 3 

1 1 

4 4 

18 8 

13 3 

1 1 

3 3 

1 1 

64 4 

Time e 

<< 1 
year r 

5 5 

1 1 

--
1 1 

2 2 

2 2 

1 1 

--

--
12 2 

too Revision 

1-10 0 
years s 

14 4 

2 2 

1 1 

1 1 

14 4 

6 6 

--
3 3 

--
41 1 

>10 0 
years s 

1 1 

--
--
2 2 

2 2 

5 5 

--
--

1 1 

11 1 

Prosthesiss prob 

DP P 

4 4 

2 2 

--
3 3 

3 3 

4 4 

1 1 

2 2 

1 1 

21 1 

SP P 

4 4 

--
--
1 1 

1 1 

2 2 

--
1 1 

--
9 9 

ems s 

Loo o 

1 1 

--
--
--
2 2 

--
--
. . 

--
3 3 

Incus s 

erosion n 

--
--
--
--
8 8 

2 2 

--
. . 

--
10 0 

Prothesis s 

replaced d 

16 6 

2 2 

1 1 

4 4 

17 7 

13 3 

1 1 

3 3 

1 1 

58 8 

DPP = displaced prosthesis, SP = short prosthesis, Loo = loose prosthesis 

Adhesionss in the middle ear cavity were a common finding in 54.4 % of the cases. However, 
inn only 8 cases (10.1 %) it was considered as the main cause of failure because many dens 
fibrouss adhesions were adherent to the prostheses which lead apparently to a fixation of the 
prosthesiss in 6 cases and to a displacement in 2 cases. Cholesteatoma was found in the mid-
dlee ear cavity of two ears, and was the main cause of failure in one case. One ear showed a 
smalll  tympanic membrane perforation, while in two cases a severe retraction of the tym-
panicc membrane was present. An intact chorda tympani was identified in 66 ears and it 
remainedd intact in 62 cases after revision surgery. 
Inn 2 cases an extreme facial nerve overhang appeared as an anatomical obstacle, restraining 
thee previous surgeon to insert a prosthesis. In one case the previous surgeon caused a sublux-
ationn of the incus which was the reason for not inserting a prosthesis at that moment. Previ-
ouslyy unidentified epitympanic fixation of the incus and malleus was encountered in 4 cases. 
Duringg revision surgery the oval window region was thoroughly examined. An intact but 
fixedd stapes was found in the 6 ears that previously underwent a mobilisation procedure of 
thee stapes. An intact oval window niche without markedly pathology was found in 29 cases: 
144 with the prosthesis in the right position and 15 with a displaced prosthesis at the oval win-
dow.. A profuse reobliteration of the oval window region was seen in 5 cases and it was con-
sideredd as the main cause of failure in 2 cases. In one case the overgrowth of otosclerotic foci 
wass extremely severe causing an anatomical obstacle for making a fenestra in the stapes foot-
platee by the previous surgeon. Fibrous tissue covering the oval window niche was a common 
findingg (21.6 %) but in itself would not cause conductive hearing loss. Granuloma tissue in 
thee oval window niche was seen in 5 cases. In 3 cases an inadequate hole in the stapes foot-
platee was encountered which precluded a satisfactory hearing improvement. In one case a 
depressedd footplate in the vestibule was identified. In the group of 5 patients who were con-
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sideredd for revision because of the suspicion of a perilymph fistula, there were three cases 
withh a leakage of perilymph through the fenestra in the footplate while in 2 cases a leakage 
couldd not be detected. 

Operativee solutions. 
Severall  operative techniques were used to restore the transmission function of the middle ear 
dependingg on the situation found during revision surgery. When present, middle ear adhe-
sionss were lysed carefully with microscissors. The initial stapes prosthesis was carefully 
examinedd and the displaced or malfunctioning prosthesis was removed. The mobility of the 
malleuss and incus was assessed by palpation. The oval window niche was explored and the 
previouss fenestra in the stapes footplate inspected. Fibrous tissue in the oval window niche 
wass carefully removed with conventional instruments. Laser surgery was not performed in 
thiss series. If necessary, the fenestra in the stapes footplate were enlarged or a new hole was 
created.. If a perilymph fistula was revealed, it was covered with fat tissue and fibrin glue to 
stopp the leakage. 
InIn the group of 64 ears with a prosthesis present during revision, the prosthesis was replaced 
byy a new one in 58 cases. When the incus was usable for repair, the prostheses used for 
reconstructionn were a full Teflon piston (type Causse® in 44 cases and type Cawthorne in 4 
cases),, or a pure gold piston (K-piston® in 15 cases) and a Teflon-wire prosthesis (type 
Schuknecht®® in 1 case) . In the 15 cases with a severe erosion of the incus, a malleus handle 
attachmentt piston (type Shea®) has been inserted.23 Prosthesis size ranged from 4 to 6 mm in 
lengthh and 0.3 to 0.6 mm in diameter. 
Inn one case with a severe erosion of the long proces of the incus, ionomer bone cement has 
beenn used to enlarge the eroded inadequate incus to allow placement of a new Teflon piston 
ass previously described by Tange. 

Hearingg results. 
Inn the whole group of 79 patients there were two cases with severe vertigo and tinnitus with-
outt any hearing perception before revision surgery. After the revision operation the com-
plaintss of vertigo and tinnitus declined, although the hearing did not improve. Because these 
twoo cases were considered as dead ears preoperatively, they were excluded from analysis of 
audiometricc data. In the remaining group of 77 ears, 92.2 % had an improvement in hearing. 
Thee mean AC for the PTA at 0.5, 1, 2, and 4 kHz was preoperatively 55.9 dB (SD  14.0 dB) 
whichh improved to 33.3 dB (SD  15.0 dB) after surgery. The preoperative ABG for the same 
frequencyy range was on average 31.4 dB (SD 8 dB) and postoperatively improved to 
11.88 dB (SD  8.5 dB). 
Tablee 3 shows the number of cases with ABG values within different categories, calculated for 
thee method recommended by the Committee on Hearing and Equilibrium22 as well as for 
thee traditional method to make comparison with other studies possible. Using the new 
methodd (i.e. taking the difference of postoperative AC and BC values), 46 ears (59.7%) had 
ABGG closure to within 10 dB. A postoperative ABG within 20 dB was obtained in 65 cases 
(84.44 %). In two cases, postoperative ABG was greater than 30 dB (incidence, 2.6 %). Using 
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thee traditional method for accounting postoperative ABG (i.e. substracting preoperative BC 
fromfrom postoperative AC) an ABG closure to 10 dB or less was obtained in 49 ears (63.6 %), 
andd it was closed to within 20 dB in 64 ears (83.1 %). In our study the difference between the 
twoo methods with regard to mean postoperative ABG was statistically significant (Wilcoxon-
test,p<< 0.001). 

Tablee 3. Postoperative air-bone gap (ABG) using the revised and traditional calculation methods. 

Hearingg level (dB) 0.5,1, 2, 4 kHz* 0.5, 1, 2 kHz* 

<10dB B 

11-200 dB 

21-300 dB 

>30dB B 

n n 

46 6 

19 9 

10 0 

2 2 

% % 
59.7 7 

24.7 7 

13 3 

2.6 6 

n n 

49 9 

15 5 

8 8 

5 5 

% % 
63.3 3 

19.5 5 

10.4 4 

6.5 5 

Postoperativee ABG computed withh postoperative AC and postoperative BC. 
**  Postoperative ABG computed with postoperative AC and preoperative BC. 

Inn 80.5 % of the revision cases the BC threshold (1,2,4 kHz PTA) did not change more than 
100 dB. Overclosure was obtained in 18 cases (23.4 %) while serious SNHL occurred in one 
earr (1.3 %) that underwent revision surgery for the first time. The decline of 11.7 dB for BC 
inn this ear, however, did not affect SDS which remained at 100 %. Overall, the mean 
improvementt in BC was statistically significant (Wilcoxon-test, p < 0.001) being 3.5 dB (SD 

 6.9 dB, n = 77). 

Postoperativee SRT and SDS were available in 73 patients for comparison to preoperative 
scores.. Before revision the hearing measured by SRT on average was 74.9 dB (SD  13.8 dB) 
andd after revision the average was 54.3 dB (SD  16.0 dB) showing an average improvement 
off  20.6 dB (SD  16.8 dB). This value is in agreement with the mean improvement in AC for 
thee frequency range 0.5-4 kHz, which is 22.6 dB (SD  15.9 dB). The average SDS preopera-
tivelyy was 97 % (SD  7.6 %) which improved after revision to the average of 98.3 % (SD
5.22 %) for the same ears. SDS did not changed over more than 10 % in most of the revision 
cases.. One ear developed a dramatic improvement of its SDS; there was an increase from 42 
%% preoperatively to 79 % postoperatively. A decline in SDS of more than 10 % occurred in 2 
casess (2.7%). One ear with a decline of 17 % in SDS had revision surgery for the fourth time, 
andd postoperatively a decrease of 5.0 dB in BC occurred while the ABG improved to 16.3 dB. 
Thee other case, who had revision surgery for the first time, showed a decline of 15 % in its 
SDS,, with a decrease of 8.3 dB in BC and a remaining ABG of 30 dB. Overall, the changes in 
SDSS were not statistically significant. 

Wee have analysed the audiometric results also for subgroups. The mean postoperative ABG 
inn the first revision group was 11.4 dB (SD  8.8, n = 65) and not statistically different 
(Mann-Whitneyy test, p = 0.199) from the mean postoperative ABG of 13.6 dB (SD  6.9, n = 
12)) in the multiple revision group with one or more prior revisions. The percentages of ears 
withh ABG closure to within 10 dB are comparable for first and second revisions which were 
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55.44 % and 57.1 %, respectively (Table 4). However, none of the ears that underwent revision 
forr the third or fourth time had ABG closure to within 10 dB. 

Tablee 4. Number of revisions and postoperative hearing results*. 

Hearingg level (dB) 

<10dB B 

11-200 dB 

21-300 dB 

>30dB B 

First t 

n n 

41 1 

14 4 

8 8 

2 2 

revision n 

% % 
55.4 4 

29.2 2 

13.8 8 

1.5 5 

Second d 

n n 

4 4 

3 3 

--
--

revision n 

% % 
57.1 1 

42.9 9 

--
--

Third d 

n n 

--
3 3 

2 2 

--

revisionn or more 

% % 
--

60.0 0 

40.0 0 

--

**  Postoperative ABG computed with postoperative AC and BC averaged at 0.5,1,2, and 4 kHz 

Thee ability to obtain ABG closure was in some extent dependent on the availability of a usa-
blee incus. When the incus is usable for repair, a Teflon piston or gold piston was inserted, and 
inn those cases an ABG closure to within 10 dB was achieved in 61.0 %. No significant differ-
encess were present between the Teflon and gold pistons. If the incus was not usable for repair, 
aa malleus attachment prosthesis was used for repair, and an ABG closure to within 10 dB was 
seenn in only 46.7 % (Table 5), while in 26.6 % it was not possible to close the gap to within 20 
dB.. The remaining ABG in the group with a not usable incus was on average 11.2 dB (SD
7.6),, which is not significantly (Mann-Whitney test, p = 0.136) lower than the average value 
off  15.5 dB (SD  11.6, n = 15) in the group with a usable incus. . 

Tablee 5. Type of prosthesis and hearing results*. 

Hearing g 
levell (dB) 

<10dB B 

11-200 dB 

21-300 dB 

>30dB B 

Teflon n 

n n 

31 1 

9 9 

7 7 

--

pistonn (n = 47) 

% % 
66.0 0 

19.1 1 

14.9 9 

--

Goldd piston (n 

n n 

8 8 

6 6 

1 1 

--

== 15) 

% % 
53.3 3 

40.0 0 

6.7 7 

--

Malleuss handle piston 

n n 

7 7 

4 4 

2 2 

2 2 

(nn = 15) 

% % 
46.7 7 

26.7 7 

13.3 3 

13.3 3 

**  Postoperative ABG co 

Hearingg results were also analysed with regard to the primary indication for revision. In the 
subgroupp of ears with recurrent conductive hearing loss and persistent conductive hearing 
losss as the indications for revision, the postoperative ABG was on average 11.0 dB (SD  7.8 
dB,, n = 62) and 18.2 dB (SD  18.2 dB, n = 11), respectively. This difference is statistically 
significantt (Mann-Whitney test, p = 0.035). Furthermore, only 36.4 % of the cases with 
persistentt hearing loss had ABG closure to within 10 dB (Table 6). The postoperative ABG in 
thee group with vertigo as the operative indication was on average 6.3 dB (SD  3.8, n = 3). 
However,, the number of cases with vertigo was too small for statistical comparison. 
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Tablee 6. Indication for revision surgery and postoperative hearing results" 

Hearingg Recurrent chronic Persistent chronic hearing Vertigo 
levell (dB) hearing loss loss 

%% n % n % 

^100 dB 38 61.3 4 36.4 2 66.7 

11-200 dB 17 27.4 2 18.2 1 33.3 

21-300 dB 6 9.7 4 36.4 

>30dBB 1 1.6 1 9.1 

**  Postoperative ABG computed with postoperative AC and BC averaged at 0.5,1,2, and 4 kHz. 

DISCUSSION N 

Althoughh many articles have been written about primary stapes surgery, publications dealing 
withh revision stapes surgery are less numerous. From 1980 to 1998 about 20 articles 
evaluatingg revision surgery have been appeared in the English language literature. An 
importantt review of the literature was provided by Han et al.17 For the present study more 
detailedd data about intraoperative findings have been collected and the review was updated 
withh the reports that appeared in 1997 and 1998. The most common intraoperative findings 
fromm these reports are summarised in Table 8. The number of reviewed revision operations 
variess between the studies from 35 to 337 cases. The incidence of the findings encountered in 
thiss study were comparable to this series.1"20 Some reports have stressed a single major cause 
off  failure, while others have recognised that several factors may contribute to deterioration of 
hearingg or to vestibular symptoms. 
Sincee revision surgery presents more pathological variables, the surgeon must master less 
stereotypedd surgery as the method of repair is almost always dictated by the pathological 
findingss at the time of the revision. Therefore, revision stapes surgery is more technically 
challengingg in comparison with primary stapes surgery. Consequently, hearing results of 
revisionn stapes procedures are less predictable compared with those of primary surgery. Fac-
torss which may interfere with successful results include the initial cause of failure leading to 
revision,, revision number, the type of prosthesis previously used and the presence of a usable 
incuss for repair. Audiometric outcomes of the reviewed studies are summarised in Table 7. 
InIn most reports a dislocated prosthesis is the most common cause of failure with an 
incidencee ranging from 4.8 % to 82 %, which encompasses our incidence of 26.6 %.1 20 The 
mostt common type of displacement is a dislocation from oval window area, followed by a 
detachmentt from the incus in combination with a dislocation from the oval window. 
Prosthesiss displacement probably was not related to prosthesis type, since there was an 
equivalentt incidence of this complication for the various prosthesis types. The rate of 
extrusionn or displacement for each type of prosthesis is difficult to determine from 
previouslyy published series. We could confirm the finding of Somers et al.19 that a 
dislocationn at the oval window is more frequently seen after a previous total stapedectomy 
thann after small fenestra stapedotomy technique. In our series a dislocation of the prosthesis 
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att the oval window occurred in 46 % (6/13) after previous total stapedectomy while it was 
encounteredd in 29 % (15/51) of the stapedotomy revisions. Probably this difference can be 
explainedd by the fact that after total removal of the footplate, the lower end of the prosthesis 
iss not restrained by the rim of the fenestra created in the footplate as is the case after 
stapedotomyy procedures. 
Longg process resorption was reported in every series, with an incidence ranging from 4.4 % 
too 41 % of cases.1"20 It occurred in various degree of severity in 12.7 % of the revision cases in 
presentt study and was more often associated with multiple revisions. In every case with incus 
erosion,, it was found after insertion of a wire-type prosthesis. Incus necrosis is most 
probablyy to be ascribed to devascularization of the mucosa over the lenticular process by the 
repetitivee movements of the prosthesis wire, a more likely event if the crimp is not perfect. A 
greaterr risk of incus erosion with a wire-type prosthesis was also found in other reports. ' 
Thee ear with a severe erosion of the long proces that was reconstructed with ionomer bone 
cementt to allow placement of a new Teflon piston (see Results), had a good short term 
postoperativee hearing result with ABG closure within 10 dB.24 However, it unfortunately 
appearedd that a recurrence of conductive hearing loss occurred after 3 years without 
extrusionn of the prosthesis. 

Thee presence of fibrous adhesions is a common finding during revision but it could be 
identifiedd as the main cause of failure in only 8.9 % in this study. Adhesion fixing the ossicles 
andd prosthesis have also been reported in previous series.2"4'7,14,16'17,19'20 Our approach to 
thiss problem is conventional by cutting away the adhesions with microscissors and, if 
necessary,, replacing the prosthesis. To avoid new adhesions the surgical procedure must be 
performedd with the least trauma possible. 
Thee most common oval window finding was a fibrous tissue obliterating the oval window 
niche,, present in 21.5 % of our cases. However, in none of the cases it was identified as the 
mainn cause of precluding a satisfactory result. Several studies advocate the use of laser 
surgeryy with KTP, C02, or argon lasers, by vaporizing fibrous tissue obliterating the oval 
windoww to minimize the risk of trauma to the inner ear.8,12,16 In our experience, fibrous 
tissuee covering the oval window can be carefully and safely removed with conventional 
instrumentss and the low incidence in our series of severe SNHL (1.3 %) did not motivate us 
forr changing our conventional policy. 
Bonyy regrowth was encountered in 6.3 % of our cases but was recognised as the main factor 
off  failure in only two cases (incidence 2.6 %). This prevalence is lower than in other reported 
series.1"200 When re-fixation of the stapes after a previous mobilization procedures is 
included,, the incidence would be 14 % which is in the median of the reported range of 1.2 % 
too 24.3 % by the previous reports. Perilymphatic fistula was discovered in 3.8 % of patients, 
whichh is on the lower side of the reported range of 1.6 % to 12.5 %. Perilymphatic fistula 
havee been associated with postoperative hearing loss as was the case in two patients in our 
series. . 
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Tablee 7. Review of the literature: intraoperative findings. 

Authorr (year) 

Crabtreee et al .1 (1980) 

L ippyetal .2 (1980) ) 

Sheehyy e ta l . 3 (1981) 

Pearmanetal.44 (1982) 

Derlacki55 (1985) 

Glasscockk e ta l . 6 (1987) 

Bhardwajj e t a l / ( 1 9 8 8 ) 

Lesinskii e ta l . 8 (1989) 

Farr ioretal .99 (1991) 

Vartiainenn etal .1 0 (1992) 

Prasadd e ta l . 1 1 (1993) 

McGeee e ta l . 1 2 (1993) 

Langmanetal .1 33 (1993) 

Pedersen14(1994) ) 

Cokkeseretal .1 55 (1994) 

Silversteinn e ta l . 1 6 (1994) 

Hann etal .1 7(1997) 

Magliuloo e ta ! . 1 8 (1997) 

Somerss e ta l . 1 9 (1997) 

Hammerschlagg et a l . 2 0 

(1998) ) 

Presentt series 

n n 

35 5 

63 3 

258 8 

95 5 

217 7 

79 9 

120 0 

59 9 

109 9 

45 5 

66 6 

77 77 

66 6 

186 6 

56 6 

72 72 

74 4 

63 3 

226 6 

250 250 

79 9 

Host t 
response e 

FA A 

(%) ) 

--
4.8 8 

3 3 

7.4 4 

--
--

18.3 3 

--
--
--
--
--
--

28.0 0 

--
29.22 <)> 

--
--

12.8 8 

13.6 6 

8.9(|» » 

IE E 

(%) ) 
17.1 1 

31.7 7 

5 5 

25.3 3 

30.0 0 

19 9 

5.0 0 

16.9 9 

27.5 5 

4.4 4 

31.8 8 

11.7 7 

40.9 9 

11.3 3 

17.9 9 

29.2 2 

43.2 2 

14.6 6 

28.3 3 

14.0 0 

12.7 7 

Ovall window 

PF F 

(%) ) 
8.6 6 

1.6 6 

9 9 

3.2 2 

9.7 7 

9 9 

1.6 6 

11.9 9 

11.9 9 

--
--
--

6.1 1 

3.2 2 

3.6 6 

12.5 5 

5.4 4 

5.6 6 

6.6 6 

2.0 0 

3.4 4 

BR R 

(%) ) 

11.4 4 

3.2 2 

9 9 

5.3 3 

9.7 7 

8 8 

14.1 1 

--
8.3 3 

13.3 3 

21.2 2 

14.3 3 

9.1 1 

16.1 1 

14.3 3 

12.5 5 

24.3 3 

6.7 7 

4.9 9 

1.2 2 

6.3 3 

FT T 

(%) ) 

--
--
--

6.3 3 

2.3 3 

6 6 

--
--
--
--
--

20.8 8 

--
--

23.2 2 

8.3 3 

44.6 6 

15.7 7 

--

--

21.5 5 

Prosthesis s 

DP P 

(%) ) 
45.7 7 

4.8 8 

41 1 

32.6 6 

82.0 0 

30 0 

30.8 8 

62.7 7 

43.1 1 

13.3 3 

59.1 1 

42.9 9 

48.5 5 

28.5 5 

32.1 1 

52.8 8 

58.1 1 

28.0 0 

9.7 7 

24.4 4 

26.6 6 

SP P 

(%) ) 
--

7.9 9 

9 9 

4.2 2 

. . 

8 8 

6.6 6 

13.6 6 

--
--
. . 

5.2 2 

--

9.1 1 

8.9 9 

5.6 6 

--

10.1 1 

2.7 7 

14 4 

11.4 4 

»problems s 

Loo o 

(%) ) 

14.3 3 

. . 
--

3.2 2 

. . 

. . 

6.6 6 

3.4 4 

. . 

. . 

. . 
--
. . 

7.0 0 

--

8.3 3 

9.5 5 

--

16.4 4 

--

3.8 8 

Lon n 

(%) ) 
--

1.6 6 

. . 

. . 

. . 

2.5 5 

11.6 6 

. . 
--
_ _ 
. . 
--
. . 

2.2 2 

3.6 6 

4.2 2 

1.4 4 

7.9 9 

4.0 0 

0.8 8 

0 0 

(j>> Adhesions fixing the prosthesis or ossicles. 
nn = number of cases the calculation was based on; FA = fibrous adhesions; IE = incus erosion; PF = per-
ilymphh fistula; BR = bony regrowth; FT = fibrous tissue; DP = displaced prosthesis; SP = too short 
prosthesis;; Loo = loose prosthesis; Lon = too long prosthesis. 

Thee general consensus from reports dealing with revision stapes operations is that the 
audiometricc outcome after revision is less successful than after primary surgery. A successful 
resultt is defined as closure of the ABG to within 10 dB and in the previously reported series, 
thiss was achieved in 18% to 80% of the cases.1"20 Our success rate of 64 % is quite favourable 
comparedd to other series. The postoperative hearing was considered to be improved when 
thee ABG is closed to within 20 dB. This was reported in the range of 54% to 92% by various 
authors.1"200 In our series this was achieved in 83 % of the cases. When postoperative ABG is 
computedd with AC and BC thresholds of the same postoperative audiogram (as 
recommendedd by the Committee on Hearing and Equilibrium22) using a four frequency PTA 
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att 0.5, 1, 2, and 4 kHz, the success rate is somewhat poorer: 60 % for successful result. 

However,, improved hearing was still obtained in 84 % of the cases. 

Tablee 8. Review of the litarature: hearing results*. 

Air-bonee gap closure SNHL Dead ear 

Authorr (year) N n < 1 0 d B < 2 0 d B (%) (%) 

Crabtreee et al.1 (1980) 35 35 46 - - 14.3 

Lippyy et al.2 (1980) 92 63 49 54 - -

Sheehyetal.3{1981)) 258 214 448 718 

Pearmann et a l .4 (1982) 95 83 53 

Derlacki5(1985)) 217 217 60 72 

Glasscockk etal.6 (1987) 82 79 39 64 

Bhardwajetal .7(1988)) 120 100 44(p 

Lesinskii e ta l . 8 (1989) 59 59 66u 89u 

Farriorr e ta l . 9 (1991) 109 102 57 84 

Vartiainenn e ta l . 1 0 (1992) 45 44 46 70 

Prasadd eta l . 1 1 (1993) 66 41 46u 78u 

McGeee eta l . 1 2 (1993) 185 77 81 92 

Langmann e ta l . 1 3 (1993) 66 62 618 848 

Pedersen14(1994)) 186 163 

Cokkeseretal .1 55 (1994) 56 49 17n 60TI 

Silversteinn e ta l . 1 6 (1994) 72 61 46 62 

Hann e ta l . 1 7 (1997) 74 60 52 82 

Magliuloo e ta l . 1 8 (1997) 63 63 24rc 5 9 * 

Somerss e ta l . 1 9 (1997) 332 232 40 64 

Hammerschlagetal .2 00 (1998) 337 250 80X 85X 

Presentt series 79 77 64 83 

7 7 

2.4 4 

4.1 1 

2.5 5 

12.0 0 

0 0 

4.4 4 

7.6 6 

2.6§ § 

3.2 2 

1.2 2 

10.2 2 

10 0 

4.1 1 

--
1.3 3 

0.8t t 

1.3 3 

3.3 3 

--
1.4 4 

1.3 3 

2.0 0 

0 0 

2.2 2 

0 0 

0 0 

0 0 

1.6 6 

4.1 1 

1.6 6 

1.3* * 

3.2 2 

0 0 

0 0 

0 0 

**  Using postoperative AC minus preoperative BC average at 0.5,1,2 kHz, unless otherwise noted. 
88 Using best BC threshold for accounting postoperative ABG. 
<pp ABG closure to within 15 dB. 
\i\i Using a four frequency PTA at .5,1, 2, and 3 kHz. 
KK Using a four frequency PTA at .5, 1,2, and 4 kHz. 
XUsingg postoperative AC and BC for accounting postoperative ABG. 
%% Delayed sudden SNHL after 13 months of hearing improvement. 
tt SNHS defined as a drop in SDS of more than 25 %. 
§§ SNHL defined as drop in AC of 10 dB or more at 4 kHz. 
NN = total number of cases in the study; n = number of cases the calculation was based on 

Thee wide range of successful outcomes in the literature must be interpreted as a result of the 

largee variation of the studied population and surgical techniques. These are depending on 

thee primary surgical technique, the selection criteria for revision, the relative number of 
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casess with primary surgery performed by another surgeon and the relative number of second 
orr more revisions. Therefore, some caution is necessary for direct comparison of the 
percentagess of successful results in different studies. In this context, another influencing 
factorr is that only recently published articles reviewing revision surgery have analysed their 
resultss using the guidelines of the Committee on Hearing and Equilibrium22, while the other 
studiess were published before calculating method for hearing results was standardised. In 
thiss study the difference with regard to mean postoperative ABG computed with the two 
methodss was statistically significant. In another study we have analysed our audiometric data 
off  451 stapes operations (primary and revision cases) revealing that choice of pre- or 
postoperativee BC in computing postoperative ABG had a significant effect on the mean 
postoperativee ABG levels, showing more favourable results when preoperative BC thresholds 
weree used. However, choice of PTA (0.5, 1, 2 kHz vs. 0.5, 1, 2, 4 kHz) has no significant 
influencee on the remaining postoperative ABG, and on the percentage of ears with ABG 
closuress to within 10 dB.25 

Reviewingg the literature several factors have been reported associated with a less beneficial 
resultt with regard to hearing improvement. In this study we could confirm the findings of 
Hann et al.17 that when revision is performed for cases with a lack of hearing improvement 
afterr primary surgery, a significant poorer outcome was obtained compared to cases with a 
recurrentt conductive hearing loss. Multiple revisions were not significantly associated with a 
poorerr hearing outcome compared to first revisions in the present study, which is in 
agreementt with other reports.17,20 Several authors report less satisfactory hearing results in 
revisionn surgery in cases with incus necrosis.13,19 When the incus is not available, several 
incuss bypass techniques can be considered for reconstruction. We used a malleus Teflon 
pistonn prosthesis resulting in a success rate of 46.7 %. When the incus was usable for repair, a 
fulll  Teflon piston or pure gold piston was inserted and a successful result was obtained in 61 
%% of the cases. This is significantly lower than when a Causse Teflon piston or a gold piston is 
usedused in primary operations; ABG is closed to within 10 dB in 80.3 % and 79 %, 
respectively.266 Overall, in this study we could not find significant differences in hearing 
outcomee between the presence or absence of a usable incus with regard to the mean 
postoperativee ABG. 

Thee incidence of SNHL varies between 0 % to 12.0 % in the literature.1"20 However, SNHL is 
nott always defined in the same manner. In some studies a significant drop in SDS was 
consideredd as SNHL12'15, while in other studies the percentage with worse postoperative 
hearingg is reported without specification of the ears with a decline in BC.1,2,9 In our study, 
onee patient (1.3 %) had postoperative decrease in the BC PTA of more than 10 dB. This was 
aa patient referred from another hospital who previously underwent total stapedectomy. 
Duringg revision it was found that the prosthesis was too short. After removing the prosthesis, 
aa profuse perilymph leakage occurred necessitating some suction in the oval window niche 
whichh was probably related to the postoperative drop in BC of 11.7 dB. A complete loss of 
hearingg following revision surgery was not observed in the ears of this series. It occurred in 0 
%% to 14.3 % in the reviewed studies.1"20 
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CONCLUSION N 

Ass in the reviewed series, we found the most common causes for recurrent or persistent con-

ductivee hearing loss to be prosthesis displacement, inadequate prosthesis length, incus ero-

sion,, and fibrous adhesions. Multiple revisions and the absence of a usable incus for 

restorationn did not correlate with poorer hearing results. Revision surgery for recurrent hear-

ingg loss had significantly better results than surgery for ears that demonstrated a lack of 

improvementt at the primary operation. Overall, success rates of post-revision stapes surgery, 

expressedd as an ABG closure to within 10 dB and 20 dB, were 60 % and 84 %, respectively, 

usingg postoperative AC and postoperative BC PTA's. SNHS occurred in 1.3 % of the cases, 

whereass none of the ears showed a total loss of hearing. There is general consensus that revi-

sionn stapes surgery is more technically challenging and less likely to achieve optimal postop-

erativee hearing results. Therefore, we have the opinion that centralisation of these operations 

shouldd be aimed at to guarantee the best results. 
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