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The Effect Of Perioperative I.V. Corticosteroids On 
Hearing Outcome Following Stapedotomy

Abstract

Objective: The purpose of this study is to investigate the effect of 
steroids on postoperative hearing outcome in patients with a clinical 
diagnosis of otosclerosis, who received intraoperative steroid treat-
ment during surgery for conductive-type hearing loss.

Methods: Between January 2014 and January 2017, 106 patients, 
comprising 43 men (40.6%) and 63 women (59.4%) between the 
ages of 18-64 (mean age: 44.1 ± 11.5 years), who had been diag-
nosed with otosclerosis resulting in conductive-type hearing loss, were 
included in the study. The audiometric values obtained for patients 
who had received intraoperative intravenous steroids were analysed 
on a retrospective basis by comparing the pre- and post-operative sit-
uation. The group of all patients was then subdivided into two groups 
on the basis of whether or not they had received intraoperative ster-
oids. These groups were then evaluated in terms of pre- and post-op-

erative bone and air conduction levels and the differences investigated 
statistically.

Results: Postoperative bone conduction averages for all the patients 
in both Group 1 and Group 2 were significantly improved at all fre-
quencies, except at 4000 Hz, compared to the preoperative mean val-
ue. However, there was no statistically significant difference observed 
between patients who did receive intra-operative single-dose IV corti-
costeroid injections and patients who did not receive IV corticosteroid 
injections group in terms of preoperative and postoperative air-bone 
conduction levels.

Conclusion: It is not necessary routinely to administer systemic corti-
costeroids in order to prevent perioperative sensorineural hearing loss 
during surgery for otosclerosis. However, perioperative corticosteroids 
may be helpful in preventing sensorineural hearing loss when there 
are conditions present that can lead to inner ear damage during the 
operation.

Introduction
Otosclerosis is a disorder which can lead to conductive 
and/or sensorineural hearing loss through fixation of the 
stapes’ footplate and resorption of the cochlear bone. The 
clinical presentation is of gradually progressive hearing 
loss and tinnitus. Whilst surgical perforation of the oval 
window and implantation of a prosthetic device may cor-
rect the progressive type of hearing loss, the operation may 
also cause sensorineural hearing loss.

Steroid preparations are frequently utilised in ENT 
practice with the intention of preventing or treating abrupt 

hearing loss, acoustic trauma, autoimmune disorders af-
fecting the inner ear, facial paralysis and, especially, damage 
to the inner ear. It has been demonstrated experimentally 
[1] that topical application of steroids in cochlear implant 
surgery confers functional benefit.

The aim of this study is to investigate the postoper-
ative effects on hearing of providing intravenous steroids 
intraoperatively to patients with a clinical diagnosis of oto-
sclerosis who are being operated on for conductive hearing 
loss.
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Materials And Methods
In this trial, patients attending the ENT clinic at the Bo-
zyaka Teaching and Research Hospital in Izmir, Turkey, 
with a clinical diagnosis of otosclerosis between January 
2014 and January 2017 were retrospectively evaluated. 
Since the trial was undertaken retrospectively, no ethical 
approval was sought from the Ethics Committee. Cases 
where the patient had a clinical diagnosis of otosclerosis 
and had been operated on for conductive hearing loss were 
included in the study. Exclusion criteria were: revision 
surgery, conductive hearing loss due to any other disorder 
(tympanosclerosis, discontinuity of the ossicles and adhe-
sions etc), age below 18 years or above 70 years. The op-
eration notes, audiological record and information about 
intravenous injections given during the operation in 106 
cases were reviewed retrospectively. 

Cases were assigned to either Group 1 (n=56: intraop-
erative use of i.v. steroids for any reason – difficult intuba-
tion, exposure of the facial nerve etc), or Group 2 (n=50: 
no intraoperative steroid use). The patients’ age, sex and 
follow-up period were recorded and the operative notes re-
viewed. The patients’ audiological measures both pre- and 
post-operatively were evaluated alongside the i.v. steroid 
status. The latest existing audiological assessment was tak-
en as the baseline.

Audiological evaluation was undertaken in accordance 
with the guidelines of the American Academy of Otorhi-
nolaryngology and Head and Neck Surgery [2]. All the au-
diological values for the bony and air pathways obtained 
both prior to and following surgery were noted in both 
groups. For both groups the amount and rate of change 
between the preoperative and postoperative periods in the 
average values obtained at frequencies of 500, 100, 2000 
and 4000 Hertz were evaluated for the bone and air path-
ways on the basis of both frequency and average value to 
see if significant differences existed.

The statistical analysis was performed with the paired 
T-test using the SPSS (Statistical Package for Social 
Sciences) 16.0 software application.

Results
The participants in the study were all between 18 and 64 
years old. The average age was 44.1 ± 11.5 years. 63 cases 
were female (59.4%) and 43 male (40.6%). The two com-
parison groups were similar in terms of age and sex distri-

bution. Of the 106 cases included in the study, 44 had local 
and 82 general, anaesthesia for the operation. Of the 106 
cases operated upon, all underwent stapedotomy.

55 patients (51.8%) had a right-sided, and 51 (48.2%) a 
left-sided operation. During the operation it was observed 
that they received a single dose of methylprednisolone in-
travascularly at a dosage of 1mg/kg weight. The follow-up 
period following surgery was between 3 and 40 months 
(16.4 months on average).

Moving onto the results of the audiological assessment: 
before grouping of any kind occurred the average gain val-
ues for bone conduction were separately ascertained for 
frequencies of 500, 1000, 2000 and 4000Hz.

• For all the patients a statistically significant im-
provement was observed in the average values for 
bone conduction postoperatively at 500, 1000 and 
2000Hz  (p<0.05) (Table 1).

• At 4000Hz, no such statistically significant improve-
ment was apparent (p>0.05). Looking at the level of 
improvement, this was greatest for bony conduction 
at 2000Hz (p<0.001). (Table1)

When the value for all the cases obtained at frequencies 
of 500, 1000, 2000 and 4000Hz for the average value of 
bony conduction were taken together, a statistically signifi-
cant improvement was seen (p<0.05) (Table 1).

Group 1 and Group 2 were examined from the point 
of view of gains in bone conduction at each of the separate 
frequencies. The amount of gain in both groups is shown 
in Table 2. According to these results, no statistically sig-
nificant difference was found between the two groups in 
terms of bone pathway gain at 500,1000,2000 or 4000Hz 
(p> 0.05) (Table 2). When the average values for pre- and 
post-operative bony conduction and the gain in bony con-
duction following operation were compared in Group 1 
and Group 2, no statistically significant differences were 
observed (p>0.05) (Table 3).

Comparing vocal discrimination scores in Groups 1 
and 2 for all the cases:

• In Group 1, the vocal discrimination score postop-
eratively was observed to have improved at a signif-
icant level compared to the preoperative condition 
(p<0.05) (Table 4).

• In Group 2, the vocal discrimination score postop-
eratively was observed not to have  undergone sig-
nificant change compared to the preoperative con-
dition (p>0.05) (Table 4).
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Postoperative air-bone gap values:

-All patients: 

 Below 10 dB :  34 patients (32%)

 Between 11-20 dB:  47 patients (44,3%) 

 Between 21-30 dB:  22 patients (20,7%) 

 Over 30 dB:  4 patients (3,77%)

Group 1: 

 Below 10 dB : 12 patients  (21,4%)

 Between 11-20 dB: 26 patients  (46,4%)

 Between 21-30 dB: 16 patients  (28,5%) 

 Over 30 dB: 2 patients  (3,57%)

Group 2: 

 Below 10 dB :  22 patients (44%)

 Between 11-20 dB:  21 patients (42%)

 Between 21-30 dB:  6 patients (12%)

 Over 30 dB:   2 patients (4%)

Discussion
The aim of surgery in otosclerosis is to restore hearing that 
has been progressively damaged by impaired movement of 
the ossicles resulting from sclerosis. In our clinical setting, 
reverse stapedotomy (intact bridge stapedotomy), as out-
lined by Fisch, is the routine operation performed [3].

There are multiple studies ongoing concerning the use 
and efficacy of steroids to avoid cochlear injury in cochlear 
implant surgery and many other otological procedures [4-

6]. In our study we also investigated whether intravenous 
steroids have any effect on hearing outcomes by comparing 
cases where i.v. steroids had been given intraoperatively 
with those where it had not, by retrospectively reviewing 
the audiological results.

Audiologically speaking, the presence of conduc-
tive-type hearing loss plus the appearance of Carhart’s 
notch at around 2000Hz frequency are findings suggestive 
of otosclerosis. The amelioration that appears in the bony 
pathway postoperatively (the Carhart effect) has been esti-
mated as between 5-10dB at 500Hz, 10-20dB at 1000Hz, 
15-30dB at 2000Hz and 5-20dB at 4000Hz [7]. The increase 
in bony conduction is not solely at 2000Hz, but also occurs 

Table 1: Comparison of preoperative and postoperative bone conduction levels

All Patients
 (106 patients)

Preop
Mean± SD (dB)

Postop
Mean ± SD (dB)

Preop.-Postop.
Mean difference

P Value Results

500 Hz
bone conduction

20,79±12,3 16,54±11,3 4,25±11,34 0,00018 P<0,*

1000 Hz
Bone conduction

26,16±14 20,18+13 5,98±12,48 0,0000027 P<0,001***

2000 Hz
Bone conduction

32,52±15,6 26,49±15,2 6,02±11,75 0,00000061 P<0,001***

4000 Hz
Bone conduction

28,13±19,5 28,08±16,4 0,046 ±14,13 0,97 P> 0,05, ns

Bone conduction (Mean) 
(500,1000,2000,4000)

26,9±13,62 22,82±13,5 4,07±11,4 0,00024 P<0,05*

Table 2: Evaluation of bone conduction gain of Groups.

Bone conduction gain Mean Value± SD (dB) P Value Results

Group 1
(Steroid +)

Group 2
(Steroid - )

500 dB postop.-preop. 5,00±13,00 3,43±9,25 0,47 P> 0,05, ns

1000 dB postop.-preop. 6,07±12,89 5,88±12,15 0,93 P> 0,05, ns

2000 dB postop.-preop. 4,38±12,10 7,84±11,19 0,12 P> 0,05, ns

4000 dB postop.-preop. 2,63±12,87 3,48±9,68 0,69 P> 0,05, ns
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at other frequencies. Güneş et al. observed an increase in 
the bony pathway conduction at all frequencies [8]. In our 
research, when all the cases were taken into consideration, 
the gain obtained in the average bony conduction at 500, 
1000, 2000 and 4000Hz was 4.07 ± 11.4dB, but regarding 
the 4000Hz frequency, there was no average gain, whilst 
at all other frequencies, a significant improvement was ob-
served.

Kisilevsky et al. likewise were unable to obtain any im-
provement at the 4000Hz frequency in the bony pathway 
and this situation they attributed to a fall in the threshold 
for bony conduction as a result of surgical trauma to the in-
ner ear [7]. Vincent and colleagues in similar fashion were 
unable to find improvement in the thresholds for bony 
conduction at 4000Hz [9]. 

We also think that the lack of improvement in bone 

conduction values at 4000 Hz may be due to the potential 
effect of  operative trauma.

In our research, 4 patients (3.77%) were found to have 
a hearing loss of greater than 15dB. Of these patients with 
a decline in the bony pathway, two came from Group 1, 
and the other two from Group 2. One such case (0.94%) 
had nearly absolute hearing loss, but in fact no individual 
actually developed total loss of hearing.

If we compare our results with the literature, we can see 
that preoperative bone conduction values at 1000, 2000, 
and 4000 Hz and immediate postoperative bone conduc-
tion values were investigated in Riechelmann et al.’s [10] se-
ries of 95 patients who underwent stapedotomy for otoscle-
rosis with an erbium:YAG laser. Prophylactic perioperative 
prednisolone therapy did not improve immediate postop-
erative mean bone conduction thresholds and did not re-
duce the occurrence of early sensorineural hearing loss. 

Table 3: Comparison of bone conduction means Group 1 and Group 2.

Mean Value± SD(dB) P Value Results

Group 1 (Steroid +) Group 2 (Steroid - )

Preop. bone conduction means
500-1000-2000-4000

29,2±15,2 25,9±12,84 0,102 P> 0,05, ns

Postop. bone conduction means
500-1000-2000-4000

25,3±13,4 21,95±13,3 0,20031 P> 0,05, ns

Comparison of Preop. And postop.  
bone conduction means
Difference

3,9±12,3 3,95 ±9,1 0,93842 P> 0,05, ns

Table 4: Speech Discrimination Score Comparison of  Group 1 and Group 2.

Speech Discrimination Score (%) Pre-operative Post-operative P Value Result

All patients 87,37±10,6 89,96±10,2 0,14 P> 0,05 ns

Group 1 (Steroid+) 85,73±13,7 92,1±10,09 0,006 P< 0,05* 

Group 2 (Steroid -) 89,08±10,46 87,56±16,62 0,58 P> 0,05 ns

Table 5: Distribution of patients according to air-bone gap in Group 1 and Group 2

Postop ABG <10 11-20dB 21-30 >30

Patients 34 Patients (32%) 47 Patients (44,3%) 22 Patients (20,7% ) 4 Patients (3,77 %)

Group 1 (Steroid  +) 12 Patients (21,4%) 26 Patients (46,4%) 16 Patients (%28,5) 2 Patients (3,57%)

Group 2 (Steroid -) 22 Patients (44%) 21 Patients (42%) 6 Patients (12%) 2 Patients (4%)
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They reached the conclusion that perioperative cortisone 
prophylaxis to prevent inner ear damage during stapes sur-
gery in patients receiving perioperative steroid treatment is 
both ineffective and increases postoperative morbidity. In 
our study, it has also been demonstrated that the mean level 
of improvement in bony pathways between the group with 
corticosteroids and the group with no corticosteroids was 
similar. Therefore, routine administration perioperatively 
of corticosteroid therapy may not lead to significant differ-
ence in outcome for patients with otosclerosis.

A study performed by W. Schneider et al. [11] on a guinea 
pig animal model, in which a microdrill was applied to the 
incus ossicle to create a sensorineural hearing loss, looked 
at whether methylprednisolone had any effect on the hear-
ing loss resulting from the surgery. The authors concluded 
that for sensorineural hearing loss produced by contact of 
the microdrill with the ossicles, methylprednisolone ad-
ministration did not confer any benefit.

The most widely employed parameter used to assess 
the effectiveness of surgery for otosclerosis is the discrep-
ancy between air and bony conduction postoperatively (the 
“air-bone” gap (ABG)). A discrepancy of 10dB or less be-
tween bony and air conduction in the postoperative period 
is taken as a criterion for success in multiple studies.

In multiple studies where the cases were grouped fol-
lowing surgery an ABG of <10dB was classified as very 
good, 20dB as good, 20-30dB acceptable and >30dB as in-
dicating failure [12]. Examining the literature on this topic, 
we can observe that Vincent et al. [9] reported sucess in 
94% in 3050 studies, Quaranata et al. [13] reported 85% suc-
cess in 2134 cases, Kivlevsky et al. [7] report 82% success in 
1145 cases and De Brujin et al. [14] reported a 71% success 
rate in 473 cases. In our research, when all cases are taken 
into account, the postoperative ABG was below 10dB in 34 
cases (32%), 11-20dB in 47 cases (44.3%), 21-30dB in 22 
cases (20.7%) and above 30dB in 4 cases (3.77%). 

In group 1, which were the individuals given intraop-
erative i.v. steroids, the ABG was below 10dB in 12 cases 
(21.4%), 11-20dB in 26 cases (46.4%), 21-30dB in 16 cases 
(28.5%) and above 30dB in 2 cases (3.57%). The control 
group (Group 2), which had not received steroids had 22 
cases (44%) with an ABG below 10dB, 21 cases  (42%) with 

ABG of 11-20dB, 6 12%) with 21-30dB ABG and 2 cases 
(4%) above 30dB (4%).

In our research, intact bridge stapedotomy was per-
formed in all cases by means of a 0.6 mm diameter fluoro-
plastic piston. The length of the piston used varied between 
4-6 mm, depending on the distance between the incus and 
the stapes footplate. In this way we can be sure we have an 
homogenous group for the study in terms of piston used 
and surgical approach. It is impossible to fully evaluate the 
effect on the bony pathway of administering steroids pe-
rioperatively due to the loss of the Carhart notch in the 
postoperative period from the audiograms of otosclerosis 
patients.

In addition, steroids given for reasons other than to 
counter the possibility of intraoperative trauma may neg-
atively influence the conclusions. In our research, since 
it was a retrospective study, frequencies of over 4000Hz 
were not evaluated. A prospective study to include higher 
frequencies needs to be undertaken to resolve this issue. 
These factors may be considered the limitations on our 
research. Although we were unable to demonstrate an ef-
fect of perioperative steroid use versus non-use on the level 
of hearing via the bony pathway, there are many studies 
in the literature using corticosteroids to prevent damage 
to the inner ear which have shown such an effect [15-17]. In 
this study the postoperative bony pathway average values 
demonstrate an improvement on the preoperative values 
at the level of statistical significance. However, the average 
improvement in the bony pathway between the group for 
which steroids were used and in which no steroids were 
used was shown to be similar. For this reason, the routine 
perioperative use of therapeutic steroids in patients with 
otosclerosis may not lead to a very meaningful result. At 
the same time, it may still be beneficial to use steroids pe-
rioperatively to prevent hearing loss in situations which 
predispose to inner ear damage. From our research on in-
traoperative steroid usage, when considering whether to 
provide a single dose of steroids, whether preoperatively 
or postoperatively, it is difficult to comment on how this 
may affect the gain in hearing that may be obtained from 
audiological surgery.
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