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Abstract 
Background: Sudden sensory-neural hearing loss (SSNHL) is defined as loss of hearing within 3 days, more 
than 30 dB in consecutive 3 frequencies. It is an otological emergency for which a definitive aetiology is 
unknown in most of the cases and treatment remains controversial. Prompt diagnosis and management have 
shown to improve hearing outcomes. 
Methods: In our study we assigned patients to 2 groups randomly selected from patients fulfilling the criteria of 
SSNHL. All the patients with SSHNL between the study periods were taken in the study. After applying the 
inclusion and exclusion criteria 60 patients were included in the study. Patients were divided into two groups 
randomly (30 in each group). Group 1 patients were given intra tympanic steroids and group 2 patients were 
given oral steroids. 
Result: Our study showed that majority of the subjects reported hearing improved with intra tympanic steroids 
(90%), whereas, only 10% of the subjects reported hearing improved with oral steroids. These differences in 
proportions were statistically significant (p value<0.001). This study also showed that the duration of SSNHL 
and hearing at 4 weeks of the study was significantly correlated with more than duration of SSNHL. More the 
duration of SNHL less improved was the hearing at 4 weeks (p value <0.001). 
Conclusions: Our study showed better hearing outcome with intra tympanic steroids than with oral steroid with 
lesser side effects in cases of SSNHL. The specific action of steroids in the cochlea is uncertain but their use has 
been based on their ability to decrease inflammation and edema and in most of the cases there are improvements 
of hearing. Intra tympanic steroids can be given safely where oral or systemic steroids are contraindicated. This 
is safe and office based procedure. 
Keywords: Sudden Sensorineural Hearing Loss, SSNHL, Intra Tympanic Steroid, ITS. 
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Introduction 

Sudden sensory neural hearing loss (SSNHL) is 
defined as loss of hearing within 3 days, more than 
30 dB in consecutive 3 frequencies. It is an 
otological emergency for which a definitive 
aetiology is unknown in most of the cases and 
treatment remains controversial. But prompt 
diagnosis and management have shown to improve 

hearing. Other accompanying symptoms include 
tinnitus and dizziness. 

Idiopathic SSNHL is initially a clinical diagnosis 
supported by audiological evaluation, characterized 
by a sudden deafness of cochlear or retro cochlear 
origin in the absence of a clear precipitating cause. 
Its incidence has been estimated at 5 to 20 per 
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100,000 persons.[1,2,3] The true incidence of 
SSNHL may be higher than these estimates 
because affected individuals who recover quickly 
do not come for the medical advice [4]. Individuals 
of all ages can be affected but the peak incidence is 
between fifth and sixth decade of life. SSNHL 
occurs with equal incidence in males and females 
[5, 6]. Most of the cases are unilateral; less than 2 
% patients have bilateral involvement [7]. 

Oral and systemic steroids have been used in the 
treatment of SSNHL for long period. There are 
some side effects in some patients. At present we 
are getting more patients of SSNHL with multiple 
co morbidities in our clinical practice. Treatments 
of these patients are really challenging. 
Considering these we carried out our study to know 
the effectiveness and side effects of steroid usage 
by intra tympanic and oral routes in SSNHL cases. 

Aims and Objectives 

The study was conducted in the department of 
E.N.T. of North Bengal Medical College and 
Hospital, Siliguri, and district Darjeeling of West 
Bengal in all the adult patients with SSHNL 
between the study periods, 1st May 2019 to 30th 
June, 2020. 

1. To evaluate the efficacy and to compare the 
recovery of intra tympanic steroid vs. oral 
steroid as initial therapy in SSNHL. 

2. To compare the effects of oral steroid and intra 
tympanic steroid on reducing other symptoms 
associated with SSNHL like tinnitus, vertigo 
etc. 

3. To compare the morbidity of both oral steroid 
and intra tympanic steroid among the study 
subjects. 

Materials and Methods 

In our study we assigned patients to 2 groups 
randomly selected from patients fulfilling the 
criteria of SSNHL. All the patients with SSHNL 
between the study periods were taken in the study. 

Inclusion Criteria 

1. Patient ≥18 years of age. 

2. Has history of a unilateral SSNHL with or 
without associated symptoms that developed 
within 72 hours and was present for ≤30 days. 

3. To the best of the participant's knowledge, 
hearing must have been symmetric prior to on-
set of SSNHL. 

4. Patients who gave consent. 

Exclusion Criteria 

1. Patients ≤18 years of age. 
2. Patients who are having history of >30 days of 

hearing impairment. 

3. Patients who are very sick or have associated 
with other disabling morbid conditions like 
chronic kidney disease, autoimmune disease, 
previous otological surgery etc. 

4. Patients having structural or retrocochlear pa-
thology such as history of cerebrovascular ac-
cident, cerebellopontine angle space occupying 
lesions, or demyelliniting diseases etc. 

5. Patients who did not give consent 

Study Technique 

In our study we assigned randomly selected 
patients fulfilling the criteria of SSNHL in 2 
groups, 30 in each group. Group 1 patients were 
given intra tympanic medications (steroids, 
dexamethasone) and group 2 patients were given 
oral medications (steroids, prednisolone). 

1. Intra tympanic steroids (0.3 ml dexame-
thasone) were given under microscope or with 
endoscope with 27 G spinal needle bi-weekly 
for 4 weeks. Oral steroids (prednisolone) were 
given at the dose of 1mg/kg/day and tapered 
off over 4 weeks. 

2. Making a chart mentioning all the parameters 
like age, sex, duration of symptoms in the pa-
tients with SSNHL and associated symptoms 
like tinnitus, vertigo etc. encountered. 

3. Another chart correlating the pure tone aver-
age, calculated as the arithmetic mean of the 
hearing thresholds at 500, 1000, 2000, and 
4000 Hz in the affected ear. 

4. Taking proper medical history of the patients 
including recording monitoring of parameters 
like BP, CBG etc. both pre procedural or 
medications. 

5. Comparing post procedural or post medication 
PTA in the both groups as follow up case after 
4 weeks of treatment with intra tympanic ster-
oids or oral steroids. 

Statistical Analysis 

Data were entered into MS Excel and analyzed 
using the SPSS version 20. Descriptive analysis 
was done in the form of proportion for categorical 
variables, mean or median for continuous variables. 
Data were checked for normal distribution using 
tests for normality and non-parametric test was 
performed accordingly. The difference between 
proportions was analyzed using Chi square test; p 
value of less than 0.05 was considered statistically 
significant. 

Results 

The present study was conducted among 60 
patients with SSNHL (30 in each group receiving 
either oral or intra tympanic steroids).The results 
are described under following headings 
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Figure 1: Distribution of study subjects according to age (n=60) 

 
Figure 1 shows that among the patients receiving intra tympanic medication, most of the patients were in the age 
group of 22-30 years (85.7%), 31-40 years (70%) and 41-50 years (66.7%); whereas, among the patients 
receiving oral medications, most of the patients were in the age group of 51-60 years (70%) and more than 60 
years (77.8%). 

 

 
Figure 2: Distribution of study subjects according to sex (n=60) 

 
Figure 2 shows the distribution of study subjects according to sex among the subjects. 

 

 
Figure 3: Distribution of study subjects according to ear involved (n=60) 

Figure 3 showing the distribution of study subjects according to ear involved among the subjects. 
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Table 4: Distribution of study subjects according to duration of SSNHL (n=60) 
Duration of SSNHL 

(days) 
Oral medication 

N=30 n% 
Intra tympanic medication 

(n=30) n (%) Total χ2 value (df) 
p value 

<7 9 (30) 14 (46.7) 23 (38.3)) 1.763 (1) 
0.184 >7 21 (70) 16 (53.3) 37 (61.7) 

Total 30(100) 30 (100) 60 (100) 
 
Table 4 shows that the difference in duration of SSNHL was not statistically significant among both the groups 
(p value 0.184). 

 

 
Figure 5: Box Whisker plot showing the distribution of duration of SSNHL (days) among the study 

subjects (n=60) 
 
Figure 5 shows that the mean (SD) and median (inter quartile range) of duration of SSNHL (days) among the 
patients receiving oral medications were 8.33 (2.95) days and 7 (6, 11.25) days, and among the patients 
receiving intra tympanic medication, the corresponding were 6.80 (3.62) days and 7 (3.75, 10.25) days. This 
difference was not statistically significant [Mann Whitney U test, p value 0.053). 

 
Table 6: Distribution of study subjects according to presence of vertigo (n=60) 

Vertigo Oral medication 
N=30 n% 

Intra tympanic medication 
(n=30) n (%) Total χ2 value (df) 

p value 
Absent 30(100) 28(96.7) 58(98.3) 1.052(1) 

0.305 Present 00 1(3.3) 1(1.7) 
Total 30100) 30 (100) 60 (100) 

 
Table 6 shows that vertigo was present more among the patients receiving oral medications than patients 
receiving intra tympanic medication, and this difference was not statistically significant (p value 0.711). 
 

Table 7: Distribution of study subjects according to mean hearing at 4 weeks of the study subjects 

Hearing at 4 weeks (dB) Oral medication 
N=30 n% 

Intra tympanic medication 
(n=30) n (%) p value 

Mean (SD) 44.03 (9.91) 34.63 (12.91) 0.002* Median (IQR) 40 (37, 50.50) 32.50 (23, 41.50) 
*Independent t test 

 
Table 7 shows that the mean (SD) hearing at 4 weeks was better with lesser mean among the study subjects 
receiving intra tympanic medications than patients receiving oral medications, and this difference was 
statistically significant (p value 0.002). 
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Table 8: Distribution of study subjects according to subjective improvement of hearing 
Subjective improvement of 

hearing 
Oral medication 

N=30 n% 
Intra tympanic medication 

(n=30) n (%) Total χ2 value (df) 
p value 

No 27 (90) 07 (23.3) 34 (56.7 27.149 (1) 
<0.001 Yes 03 (10) 23 (76.7) 26 (43.3) 

Total 30(100) 30 (100) 60 (100) 
 
Table 8 shows that majority of the subjects reported hearing improved with Intra tympanic medication (90%), 
whereas, only 10% of the subjects reported hearing improved with oral medications, and these differences in 
proportions were statistically significant (p value<0.001). 
 

Table 9: Distribution of study subjects according to post intervention morbidities developed 

Variables Oral medication 
N=30 n% 

Intra tympanic medication 
(n=30) n (%) Total χ2 value (df) 

p value 
G I upset 

10.588 (1) 
0.001 

No 21 (70) 30 (100) 51 (85) 
Yes 09 (30) 00 09 (15) 

Total 30(100) 30 (100) 60 (100) 
Raised blood pressure 

4.286 (1) 
0.038 

No 26 (86.7) 30 (100) 56(93.3) 
Yes 04 (13.3) 00 04 (6.7) 

Total 30(100) 30 (100) 60 (100) 
Hyperglycemia 

2.069 (1) 
<0.150 

No 18 (93.3) 30 (100) 58 (96.7) 
Yes 02 (6.7) 00 02 (3.3) 

Total 30(100) 30 (100) 60 (100) 
 
Table 9 shows that 30%, 13.3% and 6.7% of the patients developed gastrointestinal upset, raised blood pressure 
and hyperglycaemia respectively among the patients with oral medications, whereas, none of the patients 
reported similar morbidities or complaints among intra tympanic medications. 
 
Table 10: Correlation between duration of SSNHL and hearing outcome at 4 weeks of the study subjects 

(n=60) 
 Duration of SSNHL Improved hearing at 4 weeks 

Duration of SSNHL Pearson correlation 1 0.466** 
Sig. (2-tailed)  0.000 

Improved hearing at 
4 weeks 

Pearson correlation 0.466** 1 
Sig. (2-tailed) 0.000  

**. Correlation is significant at the 0.01 level (2-tailed) 
 
Above table shows that the duration of SSNHL and 
hearing at 4 weeks of the study subjects was 
significantly correlated. More the duration of the 
SSNHL less improved is the hearing at 4 weeks (p 
value <0.001). 

Discussion 

Wilson et al. conducted a double blind placebo 
controlled study that demonstrated a statistically 
significant benefit of systemic corticosteroids for 
hearing recovery in patients with SSNHL [8]. Chen 
and Halpin had also shown the benefit of systemic 
corticosteroid therapy for hearing loss recovery in 
SSNHL patients [9]. In our study the 10 percent of 
the group of patients receiving oral corticosteroids 
had subjective hearing improvement after 4 weeks 
follow up (Table 8).However, a few researchers 
like Byl and Mattox have published discouraging 
results as to the benefits of systemic corticosteroids 

compared to placebo.[1,10] On the other hand , 
studies of Silverstein (1996), Shirwany (1998) and 
Hennawi (2005) had shown that intra tympanic 
corticosteroids are safe and did not appear to cause 
any histological changes.[1,11,12]. In our study we 
found better results with intra tympanic steroids. 

Studies of Araujo and Oliveira showed that in 
patients with tinnitus intra tympanic 
dexamethasone was not effective for relieving 
symptoms like tinnitus, but had no adverse effects 
against cochlear function, as evidenced in 
otoacoustic emissions.[13] On the other hand, 
studies by Spandow et al have suggested that intra 
tympanic corticosteroids might not be beneficial in 
the treatment of hearing loss. These authors 
suspected that there was a potential risk of 
decreased cochlear function because of intra 
tympanic therapy.[14] Studies by Nordang and 
Linder showed that intra tympanic therapy has also 
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been charged with causing inflammation to reach 
the round window.[15] However, in our study we 
did not find any such complications of intra 
tympanic steroid therapy. 

Chandrasekhar and Rubinstein showed that intra 
tympanic steroids administration may attain high 
concentrations in the perilymph, higher than 
intravenous or oral administration [16]. Saijo and 
Salt using markers such as phenyl-ammonia 
(TMPA) and peroxidase, had demonstrated a non-
uniform distribution, where higher concentrations 
of corticosteroids reached close to the round 
window.[17,18]. Salt showed that substances could 
reach the vestibule by means of extracellular 
pathways between scalae and through the spiral 
ligament [18, 19].  These studies and those of 
Parnes[20] suggested that there was a non-linear 
flow and interscala pathway for substances 
administered intra tympanically. In our study the 
patients in the group receiving intra tympanic 
steroids showed better hearing outcome than oral 
steroids group (Table7 and Table 8). It indicates 
that the bioavailability of drugs (steroids) in the 
inner ear might be key factor in determining 
outcome in SSNHL patients. 

Silverstein (1996) published the first report of intra 
tympanic corticosteroid use for the treatment of 
SSNHL.[21] followed by Parnes (1999).[20] 
Several other researchers published their results, 
mostly after 2001[18,22,23,24,25]. Most of these 
papers reported on the benefits of intra tympanic 
corticosteroids for the treatment of SSNHL in 
patients where systemic therapy failed. Battista and 
Lauterman’s study had described studies in which 
patients were given intra tympanic corticosteroids 
as the therapy of choice or as adjuvant therapy with 
oral corticosteroid therapy with greater 
benefits.[26,27]. This is similar to our study (table7 
and table 8). 

Gouveris[28] treated 40 patients with intra 
tympanic corticosteroids in a prospective study of 
patients in which systemic therapy was 
unsuccessful. Efficacy was lower in patients with 
profound hearing loss or high frequency loss or 
patients who were given intra tympanic steroid 
therapy more than 4 weeks after SSNHL set in. 
Shaia and Sheehy noted a significant improvement 
in patients treated within a week of the onset of 
hearing loss. However, some patients who were 
given treatment after 3 months also recovered 
(10%).[6] This finding was also in accordance to 
our study which showed more the duration of 
hearing loss lesser is the hearing outcome at 4 
weeks in both groups (table 10). 

Lauterman et al. (2005)[27] reported the results of 
a prospective study in which a group of SSNHL 
patients were treated with intra tympanic methyl 
prednisolone as the first treatment and was then 

compared with another group undergoing systemic 
therapy (rheological agents and prednisolone). 
There was no difference in the efficacy of both 
treatments. In comparison we also started intra 
tympanic steroids and oral steroid as initial 
treatment but found significantly better outcome 
with intra tympanic steroids than with oral steroids. 

Ho et al. (2005) [29] published a randomized 
placebo controlled study of 39 SSNHL patients in 
which 29 (74%) did not benefit from systemic 
therapy and were then randomized into two groups; 
fifteen patients were given intra tympanic 
corticosteroids and 14 were given systemic therapy. 
The recovery rate of hearing in the intra tympanic 
therapy group was 53%, while it was 7.1% in 
patients given systemic therapy. The improvement 
criterion was a 30 dB gain in PTA. 

In our study we followed similar random sampling 
among patients presenting with SSNHL. Our result 
table 8 shows that majority of the subjects reported 
subjective hearing improved with intra tympanic 
steroids (90%), whereas, only 10% of the subjects 
reported hearing improved with oral steroids. These 
differences in proportions were statistically 
significant (p value<0.001). So, our study had a 
result similar to the study of these authors where 
recovery rate of hearing in the intra tympanic 
therapy group was better than in patients who were 
given oral or systemic steroid therapy. 

As the natural history of SSNHL suggest high 
recovery rates, it is difficult to establish whether 
interventions really increase these recovery rates. 
Mattox, Wilson and Chen’s respective studies also 
showed that the natural history of untreated 
SSNHL patients had recovery rates ranging from 
31% to 65% [13, 28, 29]. Several reasons may 
explain these different published rates. The best 
one may be the possibility that each author 
measured successful recovery differently. 

A review of studies published shows that the 
definition of success or post therapy improvement 
may differ significantly between authors. There are 
no established criteria for defining recovery in 
SSNHL patients, especially in those cases of 
secondary recovery after failure of the first 
treatment. Recovery criteria may range from any 
improvement in 10 dB improvements in the PTA or 
more. 

A meta analysis of the literature would be 
complicated by the huge variation in protocols and 
data presentation of patients. Our recovery rate is 
similar to that in other studies that applied the same 
criteria for defining improvement in hearing. As 
mentioned previously, table 8 shows that majority 
of the subjects reported subjective hearing 
improved with Intra tympanic medication (90%), 
whereas, only 10% of the subjects reported hearing 
improved with oral steroids. 
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In our study 9 out of 30 patients in our group 
receiving oral steroids complained of 
gastrointestinal symptoms like heartburns and 
bloating sensation in stomach. 2 of these cases of 
the same group complained of weakness and 
increased glycaemic levels during treatment. 4 of 
these patients of the same group also had increased 
blood pressure which was not controlled on 
previous anti-hypertensive medications. The 
recovery rate in these patients was similar to non-
diabetic subjects in this group. However, among 
the 30 patients treated by intra tympanic steroids, 
they did not complain any gastrointestinal 
intolerance, increased glycaemic levels, weakness 
and dizziness. There were no complications in this 
group of patients. Among the 2 who had increased 
glycaemic levels during treatment in the oral 
corticosteroids group, one had history of pre 
diabetic glucose levels and other had type 2 
diabetes mellitus on medication (Table 9). So, we 
can inference the better safety profile of intra 
tympanic steroid in pre diabetic and diabetic 
patients. Chandrasekhar et al in their study found 
that 3 of 3 diabetic SSNHL patients were improved 
with intra tympanic therapy. This was opposite to 
the general feeling of diabetic SSNHL patients 
would feel worse than non-diabetic subjects [30].  

We opted for bi-weekly intra tympanic injections 
(0.3 ml dexamethasone) for 4 weeks based on the 
reflections of other authors like Silverstein, 
Chandrasekhar and Plontke who ended their studies 
unsatisfied with single injection therapy and 
recommended continuous infusion or multiple 
injections in subsequent studies. In the oral steroids 
group we started oral steroids (prednisolone) at the 
dose of 1mg/kg/day and tapered off over 4 weeks. 

Limitations 

SSNHL may be mild to severe cases and 
therapeutic regimens may have varied according to 
disease severity. The method of steroid 
administration and therapy duration differed among 
different studies. These differences influence the 
comparability of various study cases and cause 
confounding bias. These factors may affect 
reported outcome. Substantial proportion of 
patients with SSNHL experience spontaneous 
recovery, therefore the benefits of intra tympanic 
steroids or oral steroids may not have been 
accurately evaluated. The limitations mentioned in 
this systematic review should be considered when 
evaluating its outcomes. 

Conclusion 

The current study was undertaken to know the role, 
efficacy and adverse effects if any of both intra 
tympanic steroids and oral steroids in cases of 
SSNHL. In our study we tried to shed light on the 
effect and role of steroids on SSNHL by oral and 
intra tympanic administration steroids and their 

associated side effects. The specific action of ster-
oids in the cochlea is uncertain but their use has 
been based on their ability to decrease inflamma-
tion and edema and in most of the cases there are 
improvements of hearing. Thus, our study shows 
better hearing outcome with intra tympanic steroids 
than with oral medications with lesser side effects. 
We also observed that outcomes were better in cas-
es received early treatment. The clinician should 
decide the risks and benefits of any specific treat-
ment, intra tympanic steroids or oral medications 
according to the patient’s individual medical status. 
Intra tympanic steroids can be given safely where 
oral or systemic steroids are contraindicated. This 
is safe and office based procedure. 

References 

1. Byl FM. Sudden hearing loss: eight years’ 
experience and suggested prognostic table. 
Laryngoscope 1984; 94(5pt 1):647-61. 

2. Hughes GB, Freedman MA, Haberkamp TJ, 
Guay ME. Sudden sensorineural hearing loss. 
Otolaryngol Clin North Am 1996; 29:393–
405. 

3. Alexander TH, Harris JP. Incidence of sudden 
sensorineural hearing loss. OtolNeurotol 
2013;34(9):1586-9. 

4. Simmons FB. Sudden idiopathic sensori-
neural hearing loss: some observations. 
Laryngoscope 1973; 83(8):1221–7. 

5. Nosrati-Zarenoe R, Arlinger S, Hultcrantz E. 
Idiopathic sudden sensorineural hearing loss: 
Results drawn from the Swedish national 
database. Acta Otolaryngol 2007; 
127(11):1168-75. 

6. Shaia FT, Sheehy JL. Sudden sensorineural 
hearing impairment: a report of 1220 cases. 
Laryngoscope 1976; 86(3):389–98. 

7. Fetterman BL, Saunders JE, Luxford WM. 
Prognosis and treatment of sudden 
sensorineural hearing loss. Am J Otol 1996; 
17(4):529–36. 

8. Wilson WR, Byl FM, Laird N. The efficacy 
of steroids in the treatment of idiopathic 
sudden hearing loss: A double- blind clinical 
study. Arch Otolaryngol 1980; 106(12):772–
6. 

9. Chen CY, Halpin C, Rauch SD. Oral steroid 
treatment of sudden sensorineural hearing 
loss: a ten year retrospective analysis. . 
OtolNeurotol 2003; 24(5):728–33. 

10. Mattox DE, Lyles CA. Idiopathic sudden 
sensorineural hearing loss. Am J Otol 1989; 
10(3):242–7. 

11. Shirwany NA, Seidman MD, Tang W. Effect 
of transtympanic injection of steroids on 
cochlear blood flow, auditory sensitivity, and 
histology in the guinea pig. Am J Otol 1998; 
19:230-5. 



International Journal of Toxicological and Pharmacological Research                 e-ISSN: 0975-5160, p-ISSN:2820-2651 

Mahato et al.                                 International Journal of Toxicological and Pharmacological Research 

105 
 

12. El-HennawiDM, El-Deen MHB, Abou-
Halawa AS, Nadeem HS, Ahmed MR. 
Efficacy of intratympanic methylprednisolone 
acetate in treatment of drill-induced 
sensorineural hearing loss in guinea pigs. J 
LaryngolOtol 2005; 119:2-7. 

13. Araujo MFS, Oliveira CA, Bahmad F. 
Intratympanic Dexamethasone Injections as a 
Treatment for Severe, Disabling Tinnitus. 
Does it work? Arch Otolaryngol 2005; 
131:113-7. 

14. Spandow O, Hellstrom S, Anniko M. 
Impaired hearing following instillation of 
hydrocortisone into the middle ear. 
Preliminary report from an animal study. 
ActaOtolaryngolSuppl 1988; 455:90-3. 

15. Nordang L, Linder B, Anniko M. 
Morphologic changes in round window 
membrane after topical hydrocortisone and 
dexamethasone treatment OtolNeurotol 
2003;24:339-43. 

16. Chandrasekhar SS, Rubinstein RY, Kwartler 
JA, Gatz M, Connelly PE, Huang E, et al. 
Dexamethasone pharmacokinetics in the inner 
ear: Comparison of route of administration 
and use of facilitating agents. Otolaryngol -
Head Neck Surg 2000; 122(4):521-8. 

17. Saijo S, Kimura RS. Distribution of HRP in 
the inner ear after injection into the middle 
ear cavity. ActaOtolaryngol 1984; 97:593-
610. 

18. Salt AN, Ohyama K, Thalmann R. Radial 
communication between the perilymphatic 
scalae of the cochlea. I: Estimation by tracer 
perfusion. Hear Res 1991; 56:29-36. 

19. Salt AN, Ohyama K, Thalmann R. Radial 
communication between the perilymphatic 
scalae of the cochlea. 2: Estimation by bolus 
injection of tracer into the sealed cochlea. 
Hear Res 1991; 56:37-43. 

20. Parnes LS, Sun AH, Freeman DJ. 
Corticosteroid pharmacokinetics in the inner 
ear fluids: an animal study followed by 
clinical application. Laryngoscope 1999; 
109(7 Pt 2): 1-17. 

21. Silverstein H, Choo D, Rosenberg SI, Kuhn J, 
Seidman M, Stein I. Intratympanic steroid 
treatment of inner ear disease and tinnitus 
(preliminary report). Ear Nose Throat J 
1996;75:468-71 

22. Stachler RJ, Chandrasekhar SS, Archer SM. 
American Academy of Otolaryngology–Head 
and Neck Surgery: Clinical practice 
guideline: Sudden hearing loss. Otolaryngol 
Head Neck Surg 2012; 146(3 Suppl):S1-35. 

23. Koltsidopoulos P, Bibas A, Sismanis A, 
Tzonou A, Seggas I. Intratympanic and 
systemic steroids for sudden hearing loss. 
OtolNeurotol 2013; 34(4):771-6. 

24. GianoliGJ, Li JC. Transtympanic steroids for 
treatment of sudden hearing loss. Otolaryngol 
Head Neck Surg 2001; 125:142-6. 

25. Lefebvre PP, Staecker H. Steroid perfusion of 
the inner ear for sudden sensorineural hearing 
loss after failure of conventional therapy: a 
pilot study. ActaOtolaryngol 2002; 122:698-
702. 

26. Battista RA. Intratympanic dexamethasone 
for profound idiopathic sudden sensorineural 
hearing loss. Otolaryngol Head Neck Surg 
2005; 132:902-5. 

27. Lauterman J, Sudhoff H, Junker R. 
Transtympanic corticoid therapy for acute 
profound loss. Eur Arch Otorhinolaryngol 
2005:1-9. 

28. Gouveris H, Selivanova O, Mann W. 
Intratympanic dexamethasone with 
hyaluronic acid in the treatment of idiopathic 
sudden sensorineural hearing intravenous 
steroid and vasoactive therapy. Eur Arch Oto-
rhinolaryngol 2005; 262:13. 

29. Ho GM, Lin HG, Shu MT. Effectiveness of 
intratympanic dexamethasone injection in 
sudden deafness patients as salvage treatment. 
Laryngoscope 2004; 114:1184-9. 

30. Chandrasekhar SS, Tsai Do BS, Schwartz SR, 
Bontempo LJ, Faucett EA, Finestone SA, et 
al. Clinical Practice Guideline: Sudden 
Hearing Loss (Update). Otolaryngol –Head 
NeckSurg (United States) 2019; 161(1 
Suppl):S1–45. 

 
 
 


