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Original Article

INTRODUCTION

Sudden sensorineural hearing loss (SSHL) has been defined by 
the US National Institute for Deafness and Communication Dis-
orders as a mostly unilateral decline of the hearing function of 
more than 30 dB in at least three sequential frequencies over 3 

days or less [1]. SSHL was first described by De Kleyn [2] and 
was called sudden deafness by Hallberg [3] in 1956. Hearing 
loss may vary from mild to profound and approximately 10% 
of all patients with SSHL suffer from total hearing loss [4]. In 
Germany SSHL is not uncommon disease with an increasing in-
cidence of SSHL of up to 160 cases in 100,000 people per year 
[5]. However, the pathogenesis of SSHL still remains unknown 
in most cases. Due to the mostly idiopathic character of the dis-
ease until now there is no generally accepted causal therapy re-
gime. 
 In the case of profound SSHL without improvement after 
medical treatment the labyrinthine window rupture and the de-
velopment of a perilymphatic fistula (PLF) should be considered 
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Objectives. Rupture of the round window membrane with consecutive development of a perilymphatic fistula (PLF) is still 
a matter of controversial debate in the pathogenesis of idiopathic sudden sensorineural hearing loss (SSHL). Until 
now no consensus exists about whether these patients benefit from performing an exploratory tympanotomy with 
sealing of the round window. The aim of the present study was to analyze critically the effectiveness of sealing the 
round window membrane in patients with SSHL.

Methods. The clinical data of 51 patients with SSHL and a mean hearing decline of at least 60 dB over 5 frequencies who 
were treated with tympanotomy and sealing of the round window membrane were retrospectively analyzed. The re-
sults have been compared to the current state of the literature.  

Results. Intraoperatively a round window membrane rupture or fluid leak was observed in none of the patients. After per-
forming tympanotomy the mean improvement of hearing level was 32.7 dB. Twenty of 51 examined patients 
(39.2%) showed a mean improvement of the hearing level of more than 30 dB and a complete remission could be 
detected in 12 patients (23.5%). Reviewing the literature revealed no standard guidelines for definition or treatment 
of SSHL as well as for evaluation of hearing loss and its recovery. 

Conclusion. The results of the present study and the literature should be discussed critically. It is unclear whether tympa-
notomy and sealing of the round window membrane may be a meaningful treatment for SSHL. Therefore this proce-
dure should be discussed as a therapeutic option only in selected patients with sudden deafness or profound hearing 
loss in which PLF is strongly suspicious or conservative treatment failed. 
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as one possible etiologic factor [6-12]. According to the litera-
ture, exploratory tympanotomy with inspection and sealing of 
the labyrinthine window may be a therapeutic option in those 
patients [10-12]. However, there are no diagnostic tests for de-
tecting a labyrinthine window rupture and clinical identification 
of a PLF is often difficult even at the time of surgery. The audio-
metric effect of sealing of the round window membrane has 
been of general interest since 20–30 years ago some surgeons 
performed this type of surgery in cases of SSHL. But due to the 
lack of evidence on a beneficial effect of the therapy, many sur-
geons now have reduced their activity in this surgical procedure 
for SSHL. Former studies about exploratory tympanotomy are 
usually characterized by a small number of patients, the lack of 
randomization, and inadequate statistical power.
 For critical evaluation of possible role of tympanotomy on 
hearing outcome the present study retrospectively analyzed the 
audiometric results after performing tympanotomy and sealing 
of the round window membrane in patients with profound uni-
lateral SSHL. In addition the influence of different clinical pa-
rameters on the hearing outcome was analyzed. The results have 
been critically compared to the current state of the literature.  

MATERIALS AND METHODS

Clinical data and inclusion criteria
We pursued a retrospective chart review of patients undergoing 
tympanotomy of the round window membrane for SSHL, be-
tween January 1, 2003, and June 30, 2010. Patients were in-
cluded if they had suffered from unilateral SSHL with a mean 
decline in hearing of at least 60 dB over 5 frequencies (250, 
500, 1,000, 2,000, and 4,000 Hz) which occurred within less 
than three days. All patients had a follow-up time of at least half 
a year. Exclusion criteria were bilateral SSHL or a follow-up of 
less than 6 months. Patients who had received other types of 
therapy before were also excluded. None of the patients had an 
acoustic trauma or barotrauma.
 During the above mentioned time period a total of 1,290 pa-
tients with a unilateral SSHL were treated inpatient in our de-
partment. In 128 cases, the mean hearing loss was worse than 
60 dB. In 30 out of 128 patients there was only medical treat-
ment, e.g., with glucocorticoids or vasoactive drugs. In another 
47 cases the follow-up was less than six months. The remaining 
51 patients (32 males, 64%; 19 females, 34%) fulfilled the 
above mentioned inclusion criteria. The mean age at diagnosis 
was 62.8 years (range, 23 to 85 years). The present data refer to 
those 51 patients. 

Medication
The patients were treated with 250 mg of prednisolon-21-hy-
drogensuccinat-natrium intravenously once daily on 3 following 
days with a subsequent reduction of the dose over 10 days oral-

ly. The treatment protocol further included 250-mL hydroxyeth-
yl starch 6% intravenously twice a day for each three hours. 

Sealing of the round window membrane
Indications for exploratory tympanotomy were acute hearing 
loss of at least 60 dB over 5 frequencies or sudden deafness 
with accompanying otologic symptoms like vertigo and no im-
provement or progression of hearing decline within the first 
days of systemic treatment. In most cases tympanotomy was 
performed under local anaesthesia by preparation of a tympa-
nomeatal flap and using connective tissue for covering the round 
window area. The intraoperative evidence of PLF was evaluated.

Statistical analysis of clinical and audiological findings
The clinical findings were evaluated by descriptive analysis. 
These included age, gender, time between first symptoms, begin 
of therapy, the accompanying otologic symptoms like tinnitus, 
vertigo, feeling of ear fullness, and periaural dysaesthesia. Con-
cerning recovery of accompanying otologic symptoms there was 
a quantitative classification by worsened, same, and improved 
findings or complete recovery.   
 The evaluation of the hearing recovery was performed in ac-
cordance to the Research Group on Sudden Deafness of the 
Japanese Ministry of Health and Welfare [13] as done in a for-
mer study [12]. Recovery was defined as an average hearing 
gain of at least 10 dB in five frequencies (250, 500, 1,000, 2,000, 
and 4,000 Hz). There was a quantitative classification by slight, 
marked, and complete recovery of hearing function. Complete 
recovery was defined as a hearing threshold within 0–20 dB in 
all frequencies or a recovery to the hearing level of the intact 
ear. Marked recovery was defined as a mean hearing gain of 
more than 30 dB in five frequencies, while slight recovery was a 
hearing gain of 10–30 dB (Table 1). 
 Student t-tests were used for detecting significant differences 
in the hearing gain, as well as the initial hearing loss between 
patients with or without accompanying otologic symptoms. To 

Table 1. Evaluation of hearing recovery according to the Research 
Group on sudden deafness of the Ministry of Health and Welfare

Complete recovery
   Hearing threshold at five frequencies (250, 500, 1,000, 2,000, and 
      4,000 Hz) recovers within 20 dB
   Hearing function recovers to the threshold level of the intact ear
Marked recovery
   Arithmetic hearing gain in five frequencies (250, 500, 1,000, 2,000, 
      and 4,000 Hz) of more than 30 dB
Slight recovery
   Arithmetic hearing gain in five frequencies (250, 500, 1,000, 2,000, 
      and 4,000 Hz)  between 10 and 30 dB
No change
   Arithmetic hearing gain in five frequencies (250, 500, 1,000, 2,000, 
      and 4,000 Hz) of less than 10 dB

Modified from Kanzaki [13].
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investigate the relationship between time period until the begin-
ning of the treatment and hearing gain a linear univariate re-
gression analysis with calculation of Pearson correlation coeffi-
cient was performed. For detection of significant differences of 
age, gender, accompanying symptoms, and time until begin of 
treatment between patients with complete versus no hearing re-
covery Fisher exact test and Student t-tests were used. In addi-
tion, a multivariate regression analysis was performed to investi-
gate the impact of the mentioned clinical factors on the hearing 
gain. The results were considered as significant with a P-value of 
<0.05. Statistical analyses were performed using SPSS ver. 17.0 
(SPSS Inc., Chicago, IL, USA).

RESULTS

The mean hearing loss of 51 patients with unilateral SSHL was 
73.3 dB. The left ear was affected in 25 cases (49%) and the 
right in 26 cases (51%). The mean time interval between onset 
of first symptoms and surgery was 5 days (range, 1 to 12 days) 

and tympanotomy was performed between one and eleven days 
after the beginning of medical therapy. 37 patients (72.5%) 
complained about tinnitus, 11 patients (21.6%) from vertigo, 3 
patients (5.9%) had a feeling of ear fullness, and only one speci-
fied periauricular dysaesthesia (Table 2). 
 Intraoperatively signs of PLF could not be detected. Intraop-
erative complications occurred in 2 cases (3.9%). Each one of 
these patients suffered from an injury of the chorda tympani 
without evidence for residual symptoms in follow-up. No fur-
ther intra- or postoperative complications occurred. 
 The average follow-up period after tympanotomy was 1.3 
years (range, 0.5 to 5.7 years). After tympanotomy a mean hear-
ing gain of 33.3 dB could be observed in 40 of the 51 examined 
patients (78.4%). A complete or marked recovery of the hearing 
function was observed in 12 (23.5%) and 20 of the patients 
(39.2%), respectively. A slight improvement of the hearing level 
was observed in 8 cases (15.7%) while 11 patients (21.6%) had 
no change of the hearing function (Table 3). 
 A partial or complete decrease of the associated symptoms 
could be observed in 72.8% (n=8) of the patients with vertigo, 

Table 2. Clinical results with respect to accompanying otologic 
symptoms

Accompanying 
   symptom

Worsened Same Improved
Completely 
recovered

Tinnitus (n=37) 1 (2.7) 16 (42.2) 11 (29.7) 9 (24.3)
Vertigo (n=11) 0 3 (27.3) 4 (36.4) 4 (36.4)
Feeling of ear fullness 
   (n=3)

0 0 0 3 (100)

Periauricular 
   dysaesthesia (n=1)

0 0 0 1 (100)

Values are presented as number (%).

Table 3. Audiometric results after treatment of 51 patients with unilat-
eral sudden sensorineural hearing loss

Hearing gain No. (%) Mean hearing gain (dB)

Complete recovery 12 (23.5) 52.33
Marked recovery 20 (39.2) 48.83
Slight recovery 8 (15.7) 20.43
No change 11 (21.6) –6.50

Table 4. Clinical differences between patients with complete versus no recovery of hearing function

Variable Complete recovery No recovery P-value

Sex (male:female) 75:25 36:63 0.100
Mean age (year) 55.60 63.90 0.171
Mean follow-up time (month) 12.58 12.45 0.986
Mean hearing loss (dB) 64.70 73.20 0.419
Duration until begin of therapy (day) 1.67 7.90 0.024
Time between start of conservative therapy and tympanotomy (day) 1.50 1.55 0.958
Vertigo, n (%) 3 (25.0) 3 (27.3) 1.000
Tinnitus, n (%) 10 (83.3) 7 (63.6) 0.371
Ear fullness, n (%) 1 (8.3) 0 1.000
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Fig. 1. Linear univariate regression analysis of duration before initial 
presentation and influence on the hearing gain in 51 patients with 
unilateral sudden sensorineural hearing loss. Hearing gain (dB), du-
ration before initial presentation (day). Pearson correlation R=–0.23; 
P=0.057.
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54% (n=20) of the patients with tinnitus, and all patients (n=4) 
with a feeling of ear fullness or periauricular dysaethesia (Table 2).
No significant association between the occurrence of accompa-
nying symptoms and initial hearing loss could be observed. Pa-
tients with accompanying symptoms showed no significant dif-
ferences in hearing gain. Multivariate regression analysis for age 
(P=0.566), sex (P=0.323), vertigo (P=0.638), tinnitus (P=0.633), 
feeling of ear fullness (P=0.717), and periaural dysaesthesia 
(P=0.843) revealed no significant relationship to the hearing 
outcome after surgery. Only the time period until the onset of 
therapy showed a marginally significant relationship with a worse 
hearing gain (P=0.057). In addition, the univariate regression 
analysis showed no significant correlation between the time peri-
od until the beginning of therapy and hearing recovery (Fig. 1). A 
comparison of patients with complete versus no recovery of the 
hearing threshold revealed also no significant difference in age, 
sex, initial hearing loss, vertigo, and tinnitus except for the time 
period between the occurrence of the first symptoms and the 
onset of therapy (Table 4). The mean time period between first 
symptoms and begin of therapy was 1.7 days for patients with 
complete hearing recovery and 7.9 days for patients without 
hearing recovery (P=0.024). 

DISCUSSION

There is still controversial debate about different treatment strat-
egies of SSHL and even the question arises whether to treat or 
not to treat SSHL. Spontaneous hearing improvement was ex-
amined by Mattox and Simmons [14] who compared corticoste-
roid-treated versus nontreated patients in a retrospective study. 
They found no significant difference in the hearing gain between 
treated or nontreated patients. A spontaneous recovery rate of 
65% could be observed mostly within the first two weeks after 
the onset of symptoms. Other authors reported a spontaneous 
recovery rate up to 68% [15]. By reviewing published data, the 
spontaneous recovery rate was calculated up to 50% [16]. To es-
timate the effect of recovery of idiopathic SSHL under placebo 
and medical treatment recently a meta-analysis of prospective 
randomized placebo-controlled trials was performed [17]. The 
treatment effect of medical therapy was only slightly better than 
recovery under placebo with a mean hearing gain of 14.3 dB 
under placebo and 15.8 dB under active treatment. A significant 
effect of treatment could not be found. Compared to the spon-
taneous remission rate cited in literature the results of the pres-
ent study revealed a marked or complete recovery rate of 
62.7% in patients with a severe hearing loss (mean hearing loss, 
73.3 dB). With a mean age at diagnosis of 62.8 years the present 
study group is comparatively old. In this context it has to be 
critically mentioned that the probable effect of a preexisting 
hearing defect on hearing outcome cannot be estimated because 
no hearing tests prior to SSHL could be evaluated. 

 Various therapeutic approaches for treatment of SSHL have 
been previously described in literature. Assuming vascular or in-
flammatory etiologic cause glucocorticoids, antioxidants, and 
vasoactive substances are frequently used as treatment ap-
proach. In cases of severe or profound hearing loss corticoste-
roids are supposed to achieve a hearing improvement [18]. 
 As mentioned above PLF as one possible cause for SSHL is 
still a matter of controversial debate. Stroud and Calcaterra [19] 
first reported of spontaneous PLF in 1970 and until now there 
are only a few clinical trials about the incidence of PLF [20,21]. 
Performing an exploratory tympanotomy and sealing of the lab-
yrinthine window is recommended in patients without response 
to systemic treatment as well as sudden deafness with sugges-
tive symptoms like vertigo and might be associated with a bet-
ter outcome than conservative treatment alone [12]. Neither the 
severity nor the pattern of hearing loss may predict a PLF [22]. 
Even a positive fistula test, a spontaneous nystagmus or a re-
duced vestibular response in caloric testing are not helpful for 
the diagnosis of PLF [23]. It is recommended to provide the in-
dication for performing a tympanotomy by using various clini-
cal, audiological, and vestibular findings [23]. However, the clin-
ical diagnosis of PFL is nonreliable. Observation of fluid leak, 
direct inspection of round window rupture, and no simultaneous 
pressure transmission from the oval to the round window mem-
brane are criteria to confirm the diagnosis of a PLF. However, 
according to the literature a fluid leak in the labyrinthine win-
dow recesses could be found in 40%–71% of patients with a 
PLF [7,8]. There is also a report that a large quantity of fluid 
leak could be found more often in patients, who were treated 
within the first week after the beginning of the symptoms [24]. 
In the same study patients with large quantity of fluid leak had 
a tendency toward a poor hearing recovery. Because of the ne-
cessity to drill the bony rim of the round window niche in order 
to visualize the round window membrane it has to be critically 
mentioned that the accumulation of clear fluid may be a result 
of the operation itself and this may lead to a false diagnosis of 
PFL. A round window membrane rupture or fluid leak could 
not be observed in the patients of the present study because the 
bony rim of the round window niche was not drilled. 
 It should be mentioned that an intermittent character of a PLF 
[21] may also explain the improvement in hearing threshold af-
ter treatment although no PLF can be observed at tympanotomy. 
Also the possible effect of inducing a hyperemia in the basal co-
chlea turn due to the insertion of dead connective tissue in the 
round window niche has also to be discussed in this context.   
 Although sealing of both oval and round window is recom-
mended in patients in whom no fistula can be detected, some 
authors disagree this opinion. They observed that packing of au-
togenous tissue into the area of the ear windows may further 
dampen hearing [25]. In the present study only the round win-
dow area was packed with soft tissue. A surgery-related worsen-
ing of hearing function could not be found in the follow-up time.
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 Also, the time of performing tympanotomy is a matter of con-
troversal debate. It is questionable, whether tympanotomy may 
be performed too early or too late. The rationale to treat a PLF 
with sealing of the round window membrane is to prevent fur-
ther leakage of inner ear fluid. If so, then tympanotomy should 
be performed as early as possible. However,  some authors do 
not recommend an early tympanotomy because a new trauma 
during surgery might decrease the chance of inner ear healing 
and spontaneous recovery may occur within 10 to 14 days any-
way [6]. Therefore performing a tympanotomy after 10 days of 
conservative therapy or even later was advocated, if in the 
meantime no worsening of the symptoms occurs. In this context 
it has to be mentioned that delayed spontaneous recovery may 
appear even after 10 days of conservative treatment. We per-
formed tympanotomy in all cases within 11 days of conserva-
tive treatment. So the recovery rate of our study may be overes-
timated by delayed spontaneous recovery rate. In addition, all 
patients received conservative treatment with cortison, which 
may have had an influence on the hearing outcome. In this con-
text it is questionable, if performing delayed tympanotomy 
would have lead to worse audiometric results. Statistical analysis 
showed a nearly significant relationship between the time peri-
od until onset of therapy and a worse hearing gain. This does not 
mean that delayed tympanotomy has an influence on hearing 
gain, but any kind of delayed therapy seems to be associated 
with worse audiometric results. 
 Although the data of the present study show an improvement 
of hearing the results have to be critically evaluated. The present 
study has some limitations like the retrospective setting, the ab-
sence of a control-group and the combination of tympanotomy 
with systemic medical treatment in all cases. Furthermore there 
are no hearing tests prior to SSHL like other studies. Conse-
quently a preexisting hearing deficit of the patients on the side 
of the SSHL cannot be excluded. These limitations are associat-
ed with a poor statistical power. 
 Although SSHL is a well-recognized condition the pathophys-
iology is still unknown in most cases. Neither a standard defini-
tion for SSHL nor a standard treatment protocol has been ac-
cepted until now. Furthermore there are no standard guidelines 
for evaluation of hearing loss and its recovery. In consequence 
until now the determination of any therapeutic benefit remains 
difficult and it is still unclear whether tympanotomy and sealing 
of the round window membrane may be a meaningful treat-
ment for SSHL. Therefore this procedure should be discussed as 
a therapeutic option in selected patients with sudden deafness 
or profound hearing loss in which PLF is strongly suspicious or 
conservative treatment failed. A delayed beginning of therapy 
(conservative versus surgical) seems to be associated with a 
worse audiometric outcome. Accompanying symptoms do not 
seem to have a statistical significant influence on hearing gain. 
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