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Abstract

Background. Stapes surgery is widely used to treat otosclerosis and its effectiveness is reported in audiometric terms - closure of the preop-
erative air-bone gap and improvement in air conduction thresholds. The objective of our study was to measure audiometric and self-assessed
hearing changes in otosclerosis patients after stapes surgery. A secondary objective was to gauge the relationship between self-reported hear-
ing and audiometric hearing thresholds.

Materials and Methods. This prospective study included 236 patients with otosclerosis who underwent primary stapedotomy. The Abbrevi-
ated Profile of Hearing Aid Benefit questionnaire (APHAB) was used to measure subjective hearing before surgery and 6 months postopera-
tively. Pure-tone audiometry was also conducted at the same observation periods.

Results. The air- and bone-conduction thresholds, as well as the air-bone gap, confirmed that there was a significant improvement in hearing.
The difference between the pre- and postoperative APHAB Total score was 26.7 points and was statistically significant (p < 0.001). A weak
correlation was found between the pre- and postoperative change of APHAB Total score and air conduction thresholds (rho = 0.23; p < 0.01)
as well as between the change in the APHAB Total score and the size of the air-bone gap (rho = 0.19; p < 0.05).

Conclusion. The results of the audiometric tests demonstrate the effectiveness of stapedotomy in improving the hearing of the majority of pa-
tients. However, audiometric results give limited information about the status of the patient’s hearing. The patient’s subjective perspective, to-
gether with the audiometric data, provide valuable information that can be helpful in clinical decision-making and counselling.
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CIRUGIA DE ESTRIBO EN LA OTOSCLEROSIS: RESULTADOS AUDIOMETRICOS Y
RESULTADOS AUDITIVOS AUTOINFORMADOS

Resumen

Introduccion: La cirugia de estribo es un método ampliamente utilizado en el tratamiento de la otosclerosis y su efectividad se informa en
relacion con los resultados de las pruebas audiométricas - cierre de la reserva coclear preoperatoria y mejora de los umbrales de conduccion
aérea. El objetivo del estudio fue evaluar el cambio en la audicion en relacion con los resultados de las pruebas audiométricas y los cuestiona-
rios de autoinforme en el grupo de pacientes con otosclerosis sometidos a cirugia de estribo. El segundo objetivo fue evaluar la relacién en-
tre la audici6n subjetiva informada por los pacientes y los umbrales auditivos audiométricos.

Materiales y Métodos: El estudio prospectivo incluy6 un grupo de 236 pacientes con otosclerosis que se sometieron a una estapedotomia.
Se evalud la audicion subjetiva antes y seis meses después de la cirugia usando el cuestionario Abbreviated Profile of Hearing Aid Benefit
(APHAB). La prueba de audiometria tonal se realizo durante los mismos periodos de observacién.

Resultados: Los resultados obtenidos para los umbrales de conduccion aérea y dsea, asi como la reserva coclear, confirmaron una mejora sig-
nificativa en la audicién. La diferencia entre los resultados del cuestionario APHAB total preoperatorio y postoperatorio fue de 26,7 puntos
y fue estadisticamente significativa (p <0,001). Hubo una débil correlacién entre el cambio postoperatorio en los resultados totales del cues-
tionario APHAB y los umbrales de conduccion aérea (rho = 0,23; p < 0,01) asi como entre el cambio en los resultados totales del cuestiona-
rio APHAB vy el tamaifio de reserva coclear (rho = 0,19; p < 0,05).

Conclusiones: Los resultados audiométricos obtenidos confirmaron la mejora de la audicidn en la mayoria de los pacientes sometidos a es-
tapedotomia. Sin embargo, los resultados audiométricos proporcionan informacion limitada sobre la condicién auditiva informada por los
pacientes. La evaluacion subjetiva de los pacientes, ademads de los resultados de las pruebas audiométricas, proporciona informacién valiosa
que puede ser 1til en la toma de decisiones y el proceso de consulta.

Palabras clave: otosclerosis « estapedotomia « resultados audiométricos « resultados auditivos autoinformados « perspectiva del paciente o
cuestionario APHAB
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XVPYPTMYECKAA OIIEPAIIVIAA HA CTPEMEYKE ITPY1 OTOCKJ/IEPO3E:
AYIMOMETPMYECKHUE VI CYBBEKTVBHBIE PE3YJIBTATBI OHEHKHN CIIYXA

AHHOTaIMA

Benenne: Xupyprudeckas onepanys HaCTpeMeUKe SABJIAETCA IOBCEMECTHO VICIIONb3yeMbIM METOJOM JIeUeHNsA OTOCK/IEPO3a, a ero
9 deKTUBHOCT HOAKPEIIAETCS Pe3yIbTaTaMI ayAMOMeTPUYEeCKIX MICCIeOBAHNIL: 3aKPBITHE IPEOIePalIOHHOTO KOCTHO-BO3IYII -
HOTO Pa3pbIBa, a TAK)Ke yIydlIeH)e IIOPOToB BO3AYIIHOI MpoBOANMOCTH. 1lenbio nccinemoBaHns ABIANACh OIlEHKA M3MEHEHMI CITy-
Xa Ha OCHOBaHUY Pe3y/IbTaTOB ayAMOMeTPUYECKIX UCCTIeTOBAHNUIL, a TAK)Ke CaMO3aIlO/IHAEeMBIX OIIPOCHIKOB, 3aII0/IHEHHBIX TPYILION
TIALIIEHTOB C OTOCK/IEPO30M IIOC/IE MPOBENEHHON XMPYPIU4eCKOii ONepaluy Ha cTpeMedke. BToOpoii 1enbio uccnefoBanusA ABANACh
OLlEHKa KOppeauuy Cyo'beKTUBHOIO CIyXa MALeHTOB U ayNOMeTPUYECKMUX IOPOrOB CIIyXa.

Marepuanbl u MeToAbI: IIpocrieKTUBHbIE MCCIEOBAHNMA POLIIA TPyINIa 236 MalMeHTOB ¢ OTOCKIEPO30M, KOTOPBIM Oblia MpoBe-
neHacraneforacTuka. CyObeKTUBHBIN CIIYX [0 OIEpaLMu U CHYCTsA 6 MecsAleB MOoC/e olepanyy 6T OljeHeH C IIOMOIbI0 AHKETBI
«Abbreviated Profile of Hearing Aid Benefit» (APHAB). TonanbHasi aynuoMeTpusi OblIa IPOMBEEHA B T )K€ IePUOIbI MCC/IETOBAHSL.

Pesynbrarsl: IlomydeHHble pe3ynbTaThl /1A OPOTOB BO3MYIIHON M KOCTHOI IPOBOAMMOCTH, a TaKXXe KOCTHO-BO3/YIIHbIN paspbiB
TIOATBEPANIN CYlIeCTBEHHOE yTydllleHue CryXa. PasHuila MexXay oOnepauiOHHBIMU U TIOC/I€0NIE€PALIMOHHBIMU UTOTOBBIMM Pe3y/b-
taTamu aHkeTsl APHAB cocTaBuia 26,7 myHKTOB 1 6blIa cTaTUCTUYecKy 3HaYMMoit (p < 0,001). Brina npencrasneHa cnabas Koppe-
NALMA MEeXy IOC/Ie0ONePalIOHHBIMU M3MEHEHUAMY UTOTOBBIX pe3ynbTaToB aHKeTbl APHAB 1 noporamu BO3AyIIHOI MPOBOAMMO-
cru (rho = 0,23; p < 0,01), a Tak)Ke MeX/y M3MEHEHUAMI UTOTOBBIX pe3ynbTaToB aHKeTbl APHAB 1 BenM4YmHO KOCTHO-BO3LYLIHOTO
paspsiBa (rho = 0,19; p < 0,05).

IopBenenne nToros: [lomyyeHHbIe Pe3yIbTaThl AyAUOMETPUYECKIX UCCEHOBAHMIT IIOATBEPAVIIN YIy4IleHne CIyXa y GOMbUIMHCTBA
MaIIeHTOB, KOTOPBIM ObI/Ia poBeAeHa cranefornacTrka. OQHAKO, pe3yIbTaThl AyANOMETPIUYECKUX 0OC/TeSOBaHNIT IPEJOCTABISAIOT
OrpaHMYeHHYI0 NHPOPMALMIO O COCTOSIHUY CIyXa [0 MHEeHMIO nanyeHToB. CyObeKTHBHAs OLIeHKA IAI[IeHTOB HAapsy C pe3y/lbTaTa-
MU ayAMOMeTPUYECKUX UCCIeSOBaHNIT IIPEJOCTAB/IAeT LIEHHYI0 NH(OPMALIMIO, KOTOPas MOXKET OBITh MO/IE3HOII B IpoLiecce IPIHS-
TUA PEIIEHNIA U KOHCY/IbTaLIMIA.

KimioueBbie ClI0Ba: OTOCK/IEPO3 o CTANENOIJIACTIKA o PE3Y/IbTAThl AyAMOMETPUYECKMX MCCIETOBAHMII o CyO'beKTUBHBIE Pe3y/IbTaThl
OLIEHKM C/IyXa e IIepCIIeKTNBA NalyeHTa « ankera APHAB

CHIRURGIA STRZEMIACZKA W OTOSKLEROZIE: AUDIOMETRYCZNE
I SAMOOPISOWE WYNIKI SLUCHOWE

Streszczenie

Wprowadzenie: Chirurgia strzemigczka jest powszechnie stosowang metoda w leczeniu otosklerozy, a jej efektywnos¢ raportowana jest w od-
niesieniu do wynikéw badan audiometrycznych - zamkniecia przedoperacyjnej rezerwy slimakowej oraz poprawy progéw przewodnictwa
powietrznego. Celem badania byta ocena zmiany w styszeniu w odniesieniu do wynikéw badan audiometrycznych oraz kwestionariuszy sa-
moopisowych w grupie pacjentéw z otoskleroza poddanych chirurgii strzemigczka. Drugim celem byla ocena zwigzku pomiedzy subiektyw-
nym slyszeniem zglaszanym przez pacjentdw, a audiometrycznymi progami styszenia.

Materialy i Metody: Prospektywnymi badaniami objeto grupe 236 pacjentow z otoskleroza, poddanych stapedotomii. Subiektywne styszenie
przed oraz 6 miesiecy po operacji oceniono za pomocg kwestionariusza Abbreviated Profile of Hearing Aid Benefit (APHAB). Badanie au-
diometrii tonalnej wykonano dla tych samych okreséw obserwacji.

Wyniki: Uzyskane wyniki dla progéw przewodnictwa powietrznego i kostnego, jak réwniez rezerwy slimakowej potwierdzily istotng poprawe
slyszenia. Roznica pomigdzy przed i pooperacyjnymi caltkowitymi wynikami kwestionariusza APHAB wyniosta 26,7 punktéw i byla istotna
statystycznie (p < 0,001). Wykazano staba korelacje pomiedzy pooperacyjna zmiang catkowitych wynikéw kwestionariusza APHAB, a proga-
mi przewodnictwa powietrznego (rho = 0,23; p < 0,01), jak rowniez pomiedzy zmiang catkowitych wynikéw kwestionariusza APHAB, a wiel-
koscig rezerwy $limakowej (rho = 0,19; p < 0,05).

Podsumowanie: Uzyskane wyniki badan audiometrycznych potwierdzity poprawe styszenia u wiekszosci pacjentéw poddanych stapedoto-
mii. Jakkolwiek, wyniki audiometryczne dostarczajg ograniczone informacje na temat stanu slyszenia zglaszanego przez pacjentéw. Subiek-
tywna ocena pacjentow, obok wynikéw badan audiometrycznych, dostarcza cennych informacji, ktére moga by¢ pomocne w procesie podej-
mowania decyzji i konsultacji.

Stowa kluczowe: otoskleroza « stapedotomia « wyniki audiometryczne « samoopisowe wyniki stuchu « perspektywa pacjenta « kwestiona-
riusz APHAB

Introduction the Swedish Quality Register for otosclerosis, Stroback et

al. estimate that in a population of 10 million, an average of

Otosclerosis is a common form of adult-onset hearing im-
pairment, typically characterized by disordered bone de-
velopment. Otosclerosis has traditionally been regarded as
a middle-ear disease but the inner ear can also be affected,
with mixed or pure sensorineural hearing loss, tinnitus,
and sometimes vertigo (1-3). The reasons for the forma-
tion and development of otosclerosis are not fully under-
stood and so the disease remains incurable (4). Based on
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450 otosclerosis ears are treated annually, with the number
varying from 380 to 580 per year over the last 10 years (5).

For more than 50 years, treatment of this form of hear-
ing loss relied first on stapedectomy and more recently
on stapedotomy (6). High rates of success of otosclero-
sis treatment using stapes surgery, with long-term stable
outcomes, have been demonstrated repeatedly in many
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studies (7,8). Pure-tone audiometry is the “gold standard”
in assessing the effectiveness of stapes surgery. Results
are reported in audiometric terms: closure of the pre-
operative air-bone gap and improvement in air conduc-
tion thresholds (8). However, the results of audiometric
tests fail to tell us about how improvement of a patient’s
air conduction thresholds or closure of the air-bone gap
translate into better subjective hearing. In the same way,
the negative effects of progressive hearing loss caused by
otosclerosis — such as impairment of the patient’s phys-
ical, cognitive, behavioural, or social function - are dif-
ficult to assess (9-11). Problems with hearing loss can
also force changes in the patient’s lifestyle and give rise
to constant emotional tension (12).

Evaluation of subjective hearing is possible using self-re-
ported questionnaires (13) that have good psychometric
characteristics in terms of reliability and validity. Self-re-
ported tools can provide unique insights into the conse-
quences of hearing loss which are unobtainable using con-
ventional objective clinical assessments (14). Although
there are a few scientific reports from medical centers
around the world which have been published on hear-
ing change after stapes surgery from the patient’s point
of view, to the best of our knowledge the results of simi-
lar prospective studies conducted among Polish patients
have not so far been reported (9,10,15-18).

To fill this knowledge gap, the aim of our study was to
measure audiometric and self-assessed hearing change in
otosclerosis patients after stapes surgery. A secondary ob-
jective was to gauge the relationship between self-reported
hearing and audiometric hearing thresholds.

Materials and method

Patients and study design

Consecutive patients were enrolled in this prospective
study in a tertiary referral center. Conducting audiomet-
ric measurements and making self-assessments of hear-
ing changes in otosclerosis patients after undergoing sta-
pes surgery is part of a larger study being carried out in
our center on the multidimensional benefits of stapes sur-
gery. The study was designed and conducted according
to the Declaration of Helsinki and the study protocol was
reviewed and approved by the institutional review board.
Every patient gave written informed consent to partici-
pate in the study.

The main eligibility inclusion criteria were:

e age > 18 years

preoperative audiological diagnosis indicative of otosc-

lerosis (based on pure-tone audiometry, impedance au-

diometry, and anamnesis)

« no previous procedure of stapes surgery

 no contraindication to taking part in a questionnaire
study.

Exclusion criteria were:

« no confirmed otosclerosis intraoperatively
« different surgical procedure other than stapedotomy

Skarzynski H. et al. — Hearing outcomes after stapes surgery

« surgery on the second ear during the postoperative
interval
« resignation from the study by the patient.

Audiometric testing

Hearing thresholds for air conduction were determined at
frequencies of 0.125, 0.25, 0.5, 1, 2, 4, and 8 kHz at the pre-
operative period (1 day before surgery) and at the 6 month
follow-up. The pure tone average (PTAy) for air conduc-
tion (AC) and bone conduction (BC) was determined at
0.5, 1, 2, and 4 kHz. Changes at these frequencies were
calculated by subtracting postoperative values from the
preoperative ones. The air-bone gap (ABG) was calculat-
ed as the difference between average AC and BC thresh-
olds. Based on the preoperative PTA4, grades of hearing
impairment according to the World Health Organization
(WHO) guidelines were determined (19). Based on these
grades, the patients were divided into three groups: slight
(PTA 26-40 dB HL), moderate (PTA 41-60 dB HL), and
severe-profound (PTA >61 dB HL) hearing impairment.

Self-reported hearing

The Abbreviated Profile of Hearing Aid Benefit (APHAB)
is a self-reported tool used to quantify the impact of a hear-
ing problem on an individual’s daily life in which the sub-
ject reports the degree of difficulty they are having with
communication and in perceiving environmental sounds
(20). APHAB is the most widely used hearing-specific
questionnaire among Polish audiology patients. APHAB
measures both unaided (without amplification) and aided
(with amplification) performance. The APHAB compris-
es 24 items divided into four subscales: ease of communi-
cation (EC), background noise (BN), reverberation (RV),
and aversiveness (AV). The APHAB Total score sums the
subscales EC, BN, and RV and reflects the degree of dif-
ficulty with everyday speech communication in different
acoustic situations. The AV scale considers negative reac-
tions to environmental sounds. Each item has a 7-point
response scale from ‘always’ to ‘never’. Higher scores re-
flect greater difficulty caused by hearing loss. We deemed
that the questionnaire was filled in adequately if the pa-
tient answered at least 20 of the 24 items (83%). Accord-
ing to the study protocol, the APHAB was filled in three
times: before, and 3 and 6 months after surgery. Howev-
er, for this work we used only the preoperative results and
those 6 months after surgery. The change in hearing was
calculated by subtracting the postoperative result from the
preoperative result; the bigger the difference, the greater
the improvement in hearing.

Stapedotomy technique

All patients underwent surgery under general anesthesia
and were operated on by two senior surgeons of our de-
partment. A Rosen incision was performed on the pos-
terior wall of the external meatus and the chorda tympa-
ni identified. A small enlargement of the view was then
performed with a 0.8 or 1.0 mm diameter low-speed drill.
The mobility of the ossicular chain was then inspected.
The incudo-stapedial joint was disarticulated with a small
hook, the stapedial tendon was cut with delicate scissors,
and the posterior branch of the stapes removed. A small

19

Journal of Hearing Science - 2019 Vol. 9 - No. 1



Original articles » 17-24

fenestra was made in the stapes footplate with a low-speed
drill (0.6 mm diameter) and a Skarzynski piston prosthe-
sis (Kurz GmbH, Dusslingen, Germany) was inserted and
crimped over the long process of the incus. A blood clot
was used to seal the fenestra.

Statistical analysis

A t-test for paired samples was used to analyse APHAB re-
sults pre- and postoperatively. Due to violation of normal-
ity, a Wilcoxon signed-rank test was used for the analysis
of pure-tone results pre- and postoperatively. Spearman
rank correlation coefficients were calculated to assess the
relationship between audiometry data and APHAB results.
Criteria provided by Fackrell et al. were used to evaluate
the strength of the correlation: coefficients higher than
0.8 were classified as extremely strong, those between 0.6
and 0.79 as strong, between 0.3 and 0.59 as moderate, and
below 0.3 as weak (21). The statistically significant level
was set at p < 0.05. For statistical analysis, IBM SPSS Sta-
tistics v.24 software was used.

Results

Between April and August 2017, there were 389 adults pa-
tients with otosclerosis who underwent primary stapedot-
omy in our center. We excluded 19 patients who had un-
dergone operation of the second ear and 24 patients who
refused to further participate in the study during post-
operative follow-up. Twenty-two patients were excluded
from analysis due to incomplete questionnaires. We as-
sumed that the subjective change in hearing after surgery

125 250 500 1000 2000 4000 8000
Frequency (Hz)

—@— Pre-op AC
—O— Post-op AC

- - - Pre-op BC
- /s - Post-op BC

Abbreviations: Pre-op AC, pre-operative air conduction threshold; Post-op AC,
post-operative air conduction threshold; Pre-op BC, pre-operative hone conduction
threshold; Post-op BC, post-operative bone conduction threshold; error bars show
standard deviations

Figure 1. Pre- and postoperative air and bone conduction
thresholds
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could only be reliably assessed by patients who did not use
a hearing aid in the operated ear prior to surgery. There-
fore, 72 users of hearing aids were excluded from the anal-
ysis. Of the remaining 252 patients, 57 (23%) of them did
not attend a postoperative medical visit, so questionnaires
were posted to these patients with a response rate of 72%.
This meant that, finally, results of the questionnaire could
be analysed for 236 patients (174 women and 62 men).
Their ages ranged from 21 to 75 years (mean, M = 47.8,
standard deviation, SD = 10.9 years). The audiometric re-
sults could be analysed in 195 patients.

Audiometric outcomes

In the group of 195 patients, the preoperative audiometric
results for the ear qualified for surgery confirmed mixed
hearing loss in 144 ears and conductive hearing loss in
51. The duration of hearing loss (understood as the time
from diagnosis of hearing loss to surgery) was on average
M = 9.6, SD = 7.2 years. Preoperatively, bilateral hearing
loss was diagnosed in 162 patients and unilateral in 33.
The pre- and postoperative pure-tone average AC and BC
thresholds at all tested frequencies are shown in Figure 1.

The size of the ABG before surgery was M = 31.5,
SD =10.2 dB, and after stapedotomy M = 11.1, SD = 6.3 dB.
The difference between the pre- and postoperative ABG
was 11.2, SD = 7.1 dB, and was statistically significant
(Z=-11.9; p <0.001). The ABG was closed within 10 dB
in 145 cases (74%), and within 20 dB in 184 cases (96%).

The average values of AC and BC thresholds and the size
of the ABG, including the classification of hearing im-
pairment according to the WHO, are shown in Table 1.

In the group of patients with slight hearing impairment,
the difference between the pre- and postoperative AC
thresholds was 10.6 dB, and was statistically significant
(Z =-4.29; p <0.001); the difference between the pre- and
postoperative BC was 1.5 dB and was statistically signifi-
cant (Z = -1.98; p < 0.05); the difference between the pre-
and postoperative ABG was 9.1 dB and was statistically sig-
nificant (Z = -4.39; p <0.001). In the group of patients with
moderate hearing impairment, the difference between the
pre- and postoperative AC thresholds was 21.9 dB, and was
statistically significant (Z = -8.50; p < 0.001); the difference
between the pre- and postoperative BC was 2.5 dB and was
statistically significant (Z = -3.85; p <0.001); the differ-
ence between the pre- and postoperative ABG was 19.4 dB
and was statistically significant (Z = -8.43; p < 0.001). In
the group of patients with severe-profound hearing im-
pairment, the difference between the pre- and postoper-
ative AC thresholds was 27.4 dB, and was statistically sig-
nificant (Z = -7.38; p <0.001); the difference between the
pre- and postoperative BC was 2.0 dB and was statistical-
ly significant (Z = -2.28; p > 0.05); the difference between
the pre- and postoperative ABG was 25.5 dB and was sta-
tistically significant (Z = -7.34; p < 0.001).

Self-reported hearing outcomes
In the group of 236 patients, the average results of sub-

scales of the APHAB questionnaire preoperatively, and at
6 months after stapedotomy, are shown in Figure 2.

Journal of Hearing Science - 2019 Vol. 9 - No. 1
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Table 1. Average thresholds for air- and bone-conduction and air-bone gap preoperatively, and at 6 months after sta-
pedotomy. Sample size divided into three groups on the basis of classification of hearing impairment according to the
World Health Organization

Hearing impairment PTA4 Observation Min Max M SD Q1 Me Q3

Pre-op 26.3 40.0 35.2 4.8 325 37.5 38.8

A Post-op 5.0 42.5 24.6 8.5 18.8 23.8 28.8

Slight - Pre-op 6.3 26.6 151 52 113 138 175

(n=27) Post-op 0.0 26.3 13.6 6.2 10.0 12.5 17.5

Pre-op 11.3 27.6 20.1 4.9 15.0 20.0 23.8

ABG Post-op 3.8 28.8 11.0 5.9 8.8 10.0 113

AC Pre-op 41.3 60.0 51.0 5.3 453 52.5 55.0

Post-op 15.0 57.5 29.1 8.5 23.8 28.8 32.5

Moderate 5 Pre-op 6.3 438 215 89 163 200 250

(n=96) Post-op 5.0 488 190 81 128 188 225

Pre-op 9.8 46.3 29.5 8.7 23.8 30.0 35.6

ARG Post-op 2.5 27.5 10.1 4.8 7.5 8.8 10.0

Pre-op 61.3 117.5 74.5 13.7 63.8 71.3 78.8

A Post-op 17.5 108.8 47.1 19.9 355 43.8 50.0

Severe- Pre-op 15.0 72.5 36.3 13.0 27.5 33.8 42.5
profound BC

(n=72) Post-op 6.3 76.3 343 15.3 23.8 325 40.9

ABG Pre-op 16.3 62.5 38.3 8.6 325 38.8 43.8

Post-op 1.3 52.5 12.8 9.5 8.8 10.0 15.9

Abbreviations: PTA4, pure tone average; AC, air conduction; BC, bone conduction; ABG, air bone gap; Min, minimum; Max, maximum; M,
mean; SD, standard deviation; Q1, first quartile; Me, median; Q3, third quartile

Statistical analysis showed a significant reduction in the 30 - - -

degree of difficulty with everyday speech communication [ \ [ 1 = DOpreop

in different acoustic situations. The difference between the 70

pre- and postoperative APHAB Total score was 26.7 points 2 post-op

and was statistically significant (¢t = 20.29; p < 0.001). A 60

statistically significant reduction in hearing problems was

observed in the EC, BN, and RV subscales of the APHAB @ 50 N AN — —

questionnaire. The difference between the pre- and post- E

operative AV subscale increased by 2.5 points, reflecting an 3 0

increase in the patient’s negative reaction to loud sounds %

after surgery, but the difference was not statistically sig- s 30 7]

nificant (¢ = -1.52; p > 0.05). g‘;‘ 0

<< e

The average results of hearing for subscales of APHAB before 20 / ’

and after stapedotomy, including the classification of hear- A

ing impairment according to WHO, are shown in Table 2. 10 ’g’,:
i
e

For each group of patients differing in hearing impairment, 0 _E ¢ _BN _RV AV—

we observed a significant, subjective reduction of the degree
of difficulty in hearing after stapedotomy. The smallest sta-
tistically significant difference (t = 4.9; p < 0.001) between

APHAB subscales

the pre- and postoperative APHAB Total score (M = 14.3;
SD = 15.8) was observed in the group of patients with slight
hearing impairment. The largest statistically significant (t =
17.6; p < 0.001) change between the pre- and postoperative
APHAB Total score (M = 31.6; SD = 19.8) was reported in
the group of patients with moderate hearing impairment.
In the group of patients with severe-profound hearing im-
pairment the difference between the pre- and postoperative
APHAB Total score was M = 24.0, SD = 20.0 and was also
statistically significant (¢ = 11.0; p < 0.001).

Abbreviations: EC, ease of communication; BN, background noise; RV, reverberation;
AV, aversiveness; *** p < 0.001;

Figure 2. Average results of subscales of the APHAB
questionnaire preoperatively (grey bars) and at 6 months
after stapedotomy (cross-hatched bars). Error bars show
standard deviation.
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Table 2. Average results of subscales of the APHAB questionnaire before and 6 months after surgery. Sample size divided
into three groups of hearing impairment on the basis of WHO classification

Hearing impairment APHAB subscale Observation Min Max M SD Q1 Me Q3
; Pre-op 68 787 373 206 167 353  56.1

Post-op 47 458 214 131 83 188 322

o Pre-op 87 890 417 209 250 417 529

Slight Post-op 47 562 285 158 204 248 436
(n=27) . Pre-op 65 707 394 174 249 393 509
Post-op 28 520 253 159 92 268 353

Pre-op 10 810 306 232 102 308 457

w Post-op 28 890 346 227 108 353 499

Pre-op 283 990 531 245 374 571 707

®¢ Post-op 10 890 191 156 102 135 250

N Pre-op 28 970 533 222 367 562 705

Voderate (1296) Post-op 10 686 229 155 120 207 312
. Pre-op 83 910 522 201 378 540 665

Post-op 10 728 218 141 105 195 312

Pre-op 10 910 328 218 168 272 483

w Post-op 10 990 359 254 163 292 562

Pre-op 283 970 512 245 364 538  67.3

¥ Post-op 10 870 275 214 92 248 458

Pre-op 47 950 519 217 405 497 685

Severe- profound oN Post-op 10 685 289 164 142 290 426
(n=72) y Pre-op 102 930 534 201 436 520 707
Post-op 10 687 280 173 120 248 418

Ay Pre-op 10 870 310 214 105 295 436

Post-op 10 990 323 236 122 293 510

Abbreviations: EC, ease of communication; BN, background noise; RV, reverberation; AV, aversiveness; Min, minimum; Max, maximum;
M, mean; SD, standard deviation; Q1, first quartile; Me, median; Q3, third quartile

Correlation between subjective and audiometric
hearing outcomes

In an attempt to determine if audiometric data can pre-
dict how a patient will perceive hearing change after sur-
gery, we performed correlations in the group of 195 pa-
tients between changes after stapedotomy of AC and BC
thresholds and ABG and change in APHAB Total score.
There was a general trend indicating that the greater the
improvement in audiometric data, the greater the reduc-
tion of hearing problems reported by the patient. Howev-
er, the correlations were relatively weak. The correlation
between change of AC threshold and change of APHAB
Total scores was rho = 0.23; p < 0.01. The correlation be-
tween change of size of ABG and change of APHAB Total
score was rho = 0.19; p < 0.05. There were no correlation
between change of BC threshold and change of APHAB
Total score (rho = 0.07; p > 0.05).

Discussion

In the hands of an experienced surgeon, stapes surgery
provides successful closure of the ABG in most cases
(8). Yung and Oates, who examined the learning curve
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for stapes surgery and the implication for surgical train-
ing, concluded that surgeons and clinics which report
large numbers of stapes surgeries achieved better hear-
ing results and fewer complications (22). On the basis of
our results, we have found that the average AC and BC
thresholds and the ABG are improved by stapedotomy,
which corresponds to previously reported results in the
literature (5,8,23).

Analysis of the APHAB results showed that the small-
est hearing problems were reported in the group of pa-
tients with slight hearing impairment. Because most of
them had normal BC thresholds, these patients were most
likely to achieve a normal level of hearing after surgery.
Although the greatest improvement in AC thresholds
and ABG was obtained in the severe-profound hearing
impaired group, the subjective benefits reported by pa-
tients were less than the moderately hearing impaired
group. We therefore speculate that there is a direct link
between preoperative BC thresholds and the patient’s
postoperative perception of hearing benefit. In patients
with severe-profound hearing impairment, preoperative
BC thresholds were worse by an average of 15 dB com-
pared to patients with moderate hearing impairment.
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Even though stapedotomy was generally successful (clo-
sure of the ABG), the majority of these patients had a
moderate hearing loss, insufficient to provide functional
hearing, which might also explain the subjective percep-
tion of their disability. In these patients, complementa-
ry amplification may involve conventional hearing aids,
active middle ear implants, bone-conducted devices, or
direct stimulation of the inner ear with a CODACS-type
implant (24).

Meyer at al., in a group of 29 patients who had under-
gone stapedectomy, also reported a weak correlation be-
tween subjective patient hearing and audiometric results
(16). The authors suggest that the difference between a
patient’s actual hearing impairment and their disability
and handicap are highly individual, and depend on be-
havioural and psychosocial factors. Tan et al., assessing
sound quality after stapedotomy using the APOSE ques-
tionnaire (the Amsterdam Post-Operative Sound Evalu-
ation), concluded that the postoperative audiometric re-
sults did not always correspond to the perceived quality
of sound (17). On the other hand, studies by Lailach et
al. and Chandarana et al. demonstrated a positive cor-
relation between postoperative ratings of the subjec-
tive hearing measurement by HHI (the Hearing Hand-
icap Inventory) and audiometric data (9,25). Lundman
et al. conducted a retrospective hearing assessment in a
group of 95 patients with otosclerosis 3 to 8 years after
stapedectomy (18); interestingly, despite acceptable sur-
gical results (closure of the ABG within 20 dB), in 95%
of patients only 64% had satisfactory social hearing (nor-
mal or slight hearing disability at work or in social life)
at follow-up. The authors explained the above results
in terms of the progression of otosclerosis, which often
causes a worsening of hearing thresholds on both sides.
The progressive nature of otosclerosis has been addressed
in the literature. Topsakal et al., based on 1064 audio-
grams, looked at the audiological progression of otoscle-
rosis (26). Multiple linear regression analysis showed that
the average rate of threshold deterioration for AC was
0.45 dB/yr while the annual threshold deterioration for
BC was 0.37 dB/yr.

There are various theories to explain why patients’ self-re-
ported hearing outcomes provide information that is rather
different from the audiometric data. According to Subra-
maniam et al., who assessed the subjective hearing of pa-
tients undergoing unilateral stapedotomy, hearing in the
non-operated ear should also be considered (27). If there
are asymmetric hearing levels, and the non-operated ear
has better hearing, then patients may still not sense any
benefit from surgery despite an improvement in hearing
thresholds in the operated ear.

From the patient’s point of view, the preoperative state of
affairs seems to be the most important indicator for the
outcome of surgical treatment. According Lundman et
al. and Tan et al., patients should be informed about the
degree of functional improvement that can be expected
from closure of the ABG, as well as the risk of sound de-
terioration and hyperacusis (17,18). The outcomes not-
ed in the patient questionnaires also depend on the ex-
pectations of the patient. Strombick et al. suggest that
patients with keen expectations might be disappointed,

Skarzynski H. et al. — Hearing outcomes after stapes surgery

while the impressions from patients with lower expecta-
tions will be overly positive (5). According to Subrama-
niam et al., the time period over which the patient has
experienced hearing loss can be important to the per-
ception of a surgery’s success. Patients with longstanding
hearing loss have probably come to accept their impair-
ment, and this is likely to moderate their expectations
of the outcome of surgery (27). If so, then even a slight
improvement in audiometric indicators can be well re-
ceived by the patient when they find that surgery has in-
creased their level of independence and communication
competence. However, a patient with a recent history of
hearing loss is unlikely to have yet accepted hearing im-
pairment, and their expectations for restoration of hear-
ing are subsequently higher, which in turn increases the
risk of disappointment.

Limitations of the study and future directions

The limitations of this prospective study should be men-
tioned. We were unable to obtain postoperative pure-tone
audiograms from all study participants. Some patients did
not report for designated postoperative medical visits,
mostly due to long distance from their place of residence.
In these cases, the use of a self-reported questionnaire was
intended to obtain the missing information about the ef-
fectiveness of stapes surgery. Looking at research groups
in the studies analysed earlier, we note that not all patients
gave postoperative observations, in particular long-term
ones (1,5,15,18).

Despite increased knowledge and techniques for stapes
surgery, we still cannot completely stop progress of the
disease (4,6,28). Our prospective study used an interval
shorter than 12 months for postoperative audiometry and
self-assessment of hearing change. It should also be added
that although the APHAB questionnaire is the most wide-
ly used hearing-specific questionnaire among Polish audi-
ology patients, this tool is dedicated to assessing the effec-
tiveness of hearing aids or hearing implants. This was the
first attempt to assess subjective hearing in a group of pa-
tients undergoing stapedotomy due to otosclerosis in our
center. Therefore, in future work it is worth considering
the implementation of a new self-report tool in groups of
otosclerosis patients.

Conclusion

The results of audiometric tests demonstrate the effective-
ness of stapedotomy in improving the hearing of the ma-
jority of patients. However, audiometric results give limit-
ed information on the status of the patients hearing. The
patient’s subjective perspective, together with audiometric
data, provides valuable information that can be helpful in
clinical decision-making and counselling.
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