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ABSTRACT

Background

Idiopathic sudden sensorineural hearing loss (ISSNHL) is common, and defined as a sudden decrease in sensorineural hearing sensitivity
of unknown aetiology. Systemic corticosteroids are widely used, however their value remains unclear. Intratympanic injections of
corticosteroids have become increasingly common in the treatment of ISSNHL.

Objectives

To assess the effects of intratympanic corticosteroids in people with ISSNHL.

Search methods

The Cochrane ENT Information Specialist searched the Cochrane ENT Trials Register; CENTRAL (2021, Issue 9); PubMed; Ovid Embase;
CINAHL; Web of Science; ClinicalTrials.gov; ICTRP and additional sources for published and unpublished trials (search date 23 September
2021).

Selection criteria

We included randomised controlled trials (RCTs) involving people with ISSNHL and follow-up of over a week. Intratympanic corticosteroids
were given as primary or secondary treatment (after failure of systemic therapy).
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Data collection and analysis

We used standard Cochrane methods, including GRADE to assess the certainty of the evidence. Our primary outcome was change in hearing
threshold with pure tone audiometry. Secondary outcomes included the proportion of people whose hearing improved, final hearing
threshold, speech audiometry, frequency-specific hearing changes and adverse effects.

Main results

We included 30 studies, comprising 2133 analysed participants. Some studies had more than two treatment arms and were therefore
relevant to several comparisons. Studies investigated intratympanic corticosteroids as either primary (initial) therapy or secondary (rescue)
therapy after failure of initial treatment.

1. Intratympanic corticosteroids versus systemic corticosteroids as primary therapy

Weidentified 16 studies (1108 participants). Intratympanic therapy may resultin little to no improvementin the change in hearing threshold
(mean difference (MD) -5.93 dB better, 95% confidence interval (Cl) -7.61 to -4.26; 10 studies; 701 participants; low-certainty). We found
little to no difference in the proportion of participants whose hearing was improved (risk ratio (RR) 1.04, 95% CI 0.97 to 1.12; 14 studies; 972
participants; moderate-certainty). Intratympanic therapy may result in little to no difference in the final hearing threshold (MD -3.31 dB,
95% Cl-6.16 t0 -0.47; 7 studies; 516 participants; low-certainty). Intratympanic therapy may increase the number of people who experience
vertigo or dizziness (RR 2.53, 95% Cl 1.41 to 4.54; 1 study; 250 participants; low-certainty) and probably increases the number of people
with ear pain (RR 15.68, 95% CI 6.22 to 39.49; 2 studies; 289 participants; moderate-certainty). It also resulted in persistent tympanic
membrane perforation (range 0% to 3.9%; 3 studies; 359 participants; very low-certainty), vertigo/dizziness at the time of injection (1%
to 21%, 3 studies; 197 participants; very low-certainty) and ear pain at the time of injection (10.5% to 27.1%; 2 studies; 289 participants;
low-certainty).

2. Intratympanic plus systemic corticosteroids (combined therapy) versus systemic corticosteroids alone as primary therapy

We identified 10 studies (788 participants). Combined therapy may have a small effect on the change in hearing threshold (MD -8.55 dB
better, 95% Cl -12.48 to -4.61; 6 studies; 435 participants; low-certainty). The evidence is very uncertain as to whether combined therapy
changes the proportion of participants whose hearing is improved (RR 1.27, 95% CI 1.15 to 1.41; 10 studies; 788 participants; very low-
certainty). Combined therapy may result in slightly lower (more favourable) final hearing thresholds but the evidence is very uncertain, and
itis not clear whether the change would be important to patients (MD -9.11 dB, 95% CI -16.56 to -1.67; 3 studies; 194 participants; very low-
certainty). Some adverse effects only occurred in those who received combined therapy. These included persistent tympanic membrane
perforation (range 0% to 5.5%; 5 studies; 474 participants; very low-certainty), vertigo or dizziness at the time of injection (range 0% to 8.1%j;
4 studies; 341 participants; very low-certainty) and ear pain at the time of injection (13.5%; 1 study; 73 participants; very low-certainty).

3. Intratympanic corticosteroids versus no treatment or placebo as secondary therapy

We identified seven studies (279 participants). Intratympanic therapy may have a small effect on the change in hearing threshold (MD -9.07
dB better, 95% Cl -11.47 to -6.66; 7 studies; 280 participants; low-certainty). Intratympanic therapy may result in a much higher proportion
of participants whose hearing is improved (RR 5.55, 95% CI 2.89 to 10.68; 6 studies; 232 participants; low-certainty). Intratympanic
therapy may result in lower (more favourable) final hearing thresholds (MD -11.09 dB, 95% Cl -17.46 to -4.72; 5 studies; 203 participants;
low-certainty). Some adverse effects only occurred in those who received intratympanic injection. These included persistent tympanic
membrane perforation (range 0% to 4.2%; 5 studies; 185 participants; very low-certainty), vertigo or dizziness at the time of injection (range
6.7% to 33%; 3 studies; 128 participants; very low-certainty) and ear pain at the time of injection (0%; 1 study; 44 participants; very low-
certainty).

4. Intratympanic plus systemic corticosteroids (combined therapy) versus systemic corticosteroids alone as secondary therapy

We identified one study with 76 participants. Change in hearing threshold was not reported. Combined therapy may result in a higher
proportion with hearing improvement, but the evidence is very uncertain (RR 2.24, 95% CI 1.10 to 4.55; very low-certainty). Adverse effects
were poorly reported with only data for persistent tympanic membrane perforation (rate 8.1%, very low-certainty).

Authors' conclusions

Most of the evidence in this review is low- or very low-certainty, therefore it is likely that further studies may change our conclusions.

For primary therapy, intratympanic corticosteroids may have little or no effect compared with systemic corticosteroids. There may be a
slight benefit from combined treatment when compared with systemic treatment alone, but the evidence is uncertain.

For secondary therapy, there is low-certainty evidence that intratympanic corticosteroids, when compared to no treatment or placebo,
may result in a much higher proportion of participants whose hearing is improved, but may only have a small effect on the change in
hearing threshold. It is very uncertain whether there is additional benefit from combined treatment over systemic steroids alone.
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Although adverse effects were poorly reported, the different risk profiles of intratympanic treatment (including tympanic membrane
perforation, pain and dizziness/vertigo) and systemic treatment (for example, blood glucose problems) should be considered when
selecting appropriate treatment.

PLAIN LANGUAGE SUMMARY

Treatment of sudden hearing loss with corticosteroids applied into the middle ear

What is sudden hearing loss?

Sudden hearing loss is a condition characterised by the sudden onset (usually within 72 hours) of reduced or absent hearing.
How is it treated?

People have often used corticosteroids - a type of anti-inflammatory medicine - to treat the condition. These medicines are usually taken
by mouth or injected into the body (known as systemic corticosteroids), but can also be given as an injection directly into the middle ear,
through the eardrum (known as intratympanic corticosteroids).

What did we want to find out?

It is not clear whether intratympanic treatment with corticosteroids is effective, or which of these treatments (intratympanic or systemic)
is best for treating this condition.

What did we do?

We searched for all relevant studies in the medical literature, compared the results and summarised the evidence. We also assessed how
certain the evidence was, considering factors such as study size and the way studies were conducted. Based on our assessments, we
categorised the evidence as being of very low, low, moderate or high certainty.

What did we find?

We found 30 studies that included 2133 people. These studies compared intratympanic treatment with corticosteroids with no treatment,
with placebo (sham or dummy treatment) and with corticosteroids that were taken by mouth or injection into the body (systemic
corticosteroids). We took into account whether people were having their first treatment for sudden deafness or whether they had previously
had some other kind of treatment (which had not worked).

For people having their first treatment for sudden deafness
We did not find any studies that compared intratympanic corticosteroids to no treatment or placebo (dummy) treatment.

Intratympanic corticosteroids might result in little or no difference in hearing when compared to people who receive systemic
corticosteroids, and might make little to no difference in the number of people whose hearing improves. The side effects may be different
with these two types of treatment. With intratympanic treatment, people may have an increase in the risk of dizziness or ear pain as
compared to systemic corticosteroids, typically at the time of injection, and some may develop a small hole in the ear drum. However,
systemic treatment may also cause an increased risk of different side effects, such as problems with sugar levels in the blood.

Taking intratympanic corticosteroids as well as systemic corticosteroids might result in a small improvement in hearing compared to
systemic corticosteroids alone, but it is uncertain how many people would notice an improvement. As above, intratympanic treatment
may cause some side effects, but we cannot be certain of the number of people who may experience these.

For people having additional treatment for sudden deafness (when their first treatment did not work)

When compared to no treatment or a placebo (dummy) treatment, intratympanic corticosteroids may result in a much larger number of
people having an improvement in their hearing but may only improve hearing slightly. As with first treatment, intratympanic injections
might cause some side effects, such as pain or dizziness at the time of the injection, or development of a small hole in the ear drum. We
are not certain how often these side effects will happen.

We are very uncertain whether adding intratympanic treatment to systemic treatment will result in an improvement in hearing.
What are the limitations of the evidence?

We considered most of the evidence we found to be of low or very low certainty. This was because there were often some problems with
how the studies had been carried out, there may have been few people included in the studies and sometimes results from different studies
were conflicting. Therefore, the conclusions of this review may change as new studies are published.

How up-to-date is this evidence?
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The evidence in this Cochrane Review is current to 23 September 2021.
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SUMMARY OF FINDINGS

Summary of findings 1. Intratympanic corticosteroids versus systemic corticosteroids as primary therapy

Intratympanic corticosteroids versus systemic corticosteroids as primary therapy

Patient or population: sudden sensorineural hearing loss

Settings: initial therapy

Intervention: intratympanic steroid therapy

Comparison: systemic steroid therapy

Outcomes Anticipated absolute effects* (95% Cl) No of partici- Relative effect  Certainty of Comments
pants (95% CI) the evidence

Systemic ther-  Intratympanic thera-  (studies) (GRADE)

apy Py

(assumed risk)  (corresponding risk)
Change in hearing The mean The mean change in 701 MD -5.93 dB DO Intratympanic therapy may have a trivial/no
threshold deter- change in PTA PTAin the intervention ) low! effect on the change in hearing threshold
mined by PTA ranged across groups was on average (10 studies) (95% Cl-7.61 to when compared to systemic steroids (as pri-

control groups -5.93 dB greater (from -4.26) mary therapy).

from -30.07 dB -4.26 greater to -7.61

to-15.1dB reater’
Range 0 dB to 140 dB ° & )

Negative values rep-
resent lowering and
positive values rep-
resent raising of

the hearing thresh-
old. A lower hearing
threshold represents
hearing improve-
ment).

Kieaqi (JF)
aueayrory \

‘yyeay 19199
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Proportion of pa- 731 per 10002 760 per 1000 (709 to 972 RR 1.04 SPPO Intratympanic therapy probably results in
tients whose hearing 818) moderate2 little to no difference in the proportion of
is improved (14 studies) (95% C10.97 to patients whose hearing is improved com-
1.12) pared to systemic corticosteroids (as prima-
ry therapy).
Final hearing thresh- ~ The mean fi- The mean final PTA 516 MD -3.31dB DDOO Intratympanic therapy may result in little to
old determined by nal PTA ranged in the intervention no difference in the final hearing threshold
PTA (a lower value across control  groups was on average (7 studies) (95%Cl-6.16t0  low3 (as primary therapy).
represents better groups from -3.31 dB lower (-6.16 -0.47)
hearing) 25.1dBto 59 lower to -0.47 lower)
dB
Adverse eventsP Events in con- Events in interven- No of partici- Relative effect  Certainty of Comments
trol group tion group pants (studies) (95% Cl) the evidence
(GRADE)
Tympanic mem- Comparison not  Ranged from 0% (0/30) 463 (4 studies) Not calculable HEOO The evidence is very uncertain regarding
brane perforation applicablec 10 3.9% (5/129) the risk of tympanic membrane perforation
very low* for those who received intratympanic corti-
costeroid as primary treatment.
Vertigo/dizziness: 13/121 (10.7%) 35/129 (27.1%) 250 (1 study) RR2.53(1.41t0 @&ooo Intratympanic therapy may increase the
timing not reportedd 4.54) risk of vertigo/dizziness of unspecified tim-
low> ing as compared to systemic corticosteroid.
Vertigo/dizziness:at ~ Comparison not 3 studies reported a 301 (4 studies) Not calculable DO The evidence is very uncertain regarding
the time of injection applicablec rate between 1.5% the risk of vertigo/dizziness at the time of
(1/67) and 21% (4/19) very low® intratympanic injection of corticosteroid as
for those who received primary treatment.
an intratympanicin-
jection®
Ear pain: timing not 4/141 (2.8%) 74/148 (50%) 289 (2 studies) RR 15.68 (95% BDDO Intratympanic corticosteroid injection prob-
reportedf C16.22t039.49) moderate’ ably increases the risk of ear pain of unspec-
ified timing as compared to systemic corti-
costeroid when used as primary treatment.
Ear pain: atthetime  Comparison not 3 studies reported a 393 (3 studies) Not calculable PO The evidence suggests that there may be a
of injectionf applicablec rate between 4.8% low8 risk of ear pain at the time of intratympanic

(5/104) and 27.1%
(35/129)

injection of corticosteroid as primary treat-
ment.
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*The basis for the assumed risk is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; MD: mean difference; PTA: pure tone audiometry; RR: risk ratio

aFourteen studies recruited participants suffering from sudden sensorineural hearing loss. The incidence of improvement for the systemic corticosteroid group in these 14
studies was 73.07%. We have used 731 per 1000 to express the assumed risk.

bOnly the most widely reported adverse events are described here. For adverse events that could feasibly occur in either group, we have only included the studies that pro-
vided a rate for both groups. For adverse events that could only occur in one group, we have only included the studies that reported the rate in that group, and presented
these as a range. A full description of adverse event data is available for reference in Table 1.

CComparisons between patients receiving intratympanic therapy and those receiving only systemic therapy were regarded as invalid for the following adverse events: per-
sistent tympanic membrane perforation, vertigo observed at the time of intratympanic injection and ear pain observed at the time of intratympanic injection. This is ex-
plained in Data extraction and management.

dA single study reported a rate for both intratympanic and systemic corticosteroid (Rauch 2011). However, it is not specified whether all of the patients in the intratympan-
ic corticosteroid group experiencing vertigo did so at the time of injection. We have therefore reported this outcome separately from vertigo/dizziness interpreted as having
occurred specifically at the time of injection.

eln two studies, two groups received intratympanic injection: in Tsounis 2018, one group received intratympanic corticosteroid and the other received intratympanic and
systemic corticosteroid; in Huang 2021, one group received intratympanic corticosteroid and the other received intravenous followed by intratympanic corticosteroid.

fin each study contributing data, the number of participants with ear pain/earache was presented separately from the numbers with ear pain at intratympanic injection. It
was assumed, therefore that those participants with pain at injection were not included among those with ear pain/earache.

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: We are very uncertain about the estimate.

1Downgraded one level due to risk of bias: eight studies were at high risk of other bias, three studies were at risk of attrition bias and three studies were at risk of selection bias.
Downgraded one level due to inconsistency: the size and direction of effect varied between the studies and the 12 value was 80%.

2Downgraded one level due to risk of bias: we judged 11 of 14 studies to be at unclear or high risk of selection bias and we judged 12 of 14 studies to be at high risk of other bias.
3Downgraded one level due to risk of bias: we judged six studies to be at high risk of other bias; two studies were at high risk of selection bias. Downgraded one level due to
inconsistency: the 12 value was moderate (41%).

4Downgraded one level due to risk of bias: we judged one study to be at high risk of bias because of concern about random sequence generation and allocation concealment.
Downgraded two levels due to imprecision: the number of events is smaller than the optimal information size (taken as 300 events) and an effect estimate could not be calculated.
SDowngraded one level due to imprecision: the number of events is smaller than the optimal information size (taken as 300 events). Downgraded one level because of indirectness:
provision of data by only a single study from a single setting, which may not adequately represent all patients with ISSNHL.

6Downgraded two levels due to risk of bias: we judged two studies to be at high risk of bias because of incomplete outcome data; we judged one study to be at high risk of bias
because of concern about random sequence generation and allocation concealment. Downgraded two levels due to imprecision: the number of events is smaller than the optimal
information size (taken as 300 events) and an effect estimate could not be calculated.
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7Downgraded one level due to imprecision: the number of events is smaller than the optimal information size (taken as 300 events).
8Downgraded two levels because of imprecision: the number of events is smaller than the optimal information size (taken as 300 events) and an effect estimate could not be

calculated.

Summary of findings 2. Intratympanic plus systemic corticosteroids (combined therapy) versus systemic corticosteroids alone as primary therapy

Intratympanic plus systemic corticosteroids (combined therapy) versus systemic corticosteroids alone as primary therapy

Patient or population: sudden sensorineural hearing loss

Settings: initial therapy

Intervention: combination of intratympanic and systemic steroid therapy

Comparison: systemic steroid therapy

Outcomes Anticipated absolute effects* (95% Cl) No of partici- Relative effect  Certainty of Comments
pants (95% ClI) the evidence
Systemicther-  Combined therapy (studies) (GRADE)
apy
(corresponding risk)

(assumed risk)
Change in hearing The mean The mean change in 435 MD -8.55 dB ®B00 The change in hearing threshold may be
threshold determined change in PTA PTA in the intervention slightly increased in participants who re-
by PTA ranged across groups was on aver- (6 studies) (95%Cl-12.48  low! ceive combined therapy. However, it is

control groups  age -8.55 dB greater to-4.61) unclear whether this increase would be
Range0dBto140dB from (-4.61 greater to -12.48 noticeable to patients.

. -33.0dBto-13.0 greater)

Negative values rep- dB
resent lowering and
positive values rep-
resent raising of the
hearing threshold. A
lower hearing thresh-
old represents hearing
improvement.
Proportion of patients 579 per 10002 735 per 1000 (666 to 788 RR1.27 OO0 The evidence is very uncertain as to
whose hearing is im- 816) very low? whether combined therapy changes the
proved (10 studies) (95% Cl 1.15to proportion of participants whose hearing

1.41)

isimproved.
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Final hearing thresh- The mean fi- The mean final PTA 194 MD -9.11dB ®000 Combined therapy may result in slight-
old determined by PTA  nal PTA ranged in the intervention very low3 ly lower (more favourable) final hearing
across control  groups was on aver- (3 studies) (95% Cl -16.56 thresholds compared to systemic corti-
Alower value repre- groups from age 9.11 dB lower (1.67 to -1.67) costeroids alone (as primary therapy) but
sents better hearing 39.1 dB to 59 lower to 16.56 lower) the evidence is very uncertain, and it is
dB not clear whether the change would be of
importance to patients.
Adverse eventsP Events in con- Events in interven- No of Partici- Relative effect  Certainty of Comments
trol group tion group pants (95% ClI) the evidence
(studies) (GRADE)
Persistent tympanic Comparison not 5 studies reported 474 (5 studies) Not calculable DOOO The evidence is very uncertain regarding
membrane perforation  applicablec a rate between 0% the risk of tympanic membrane perfora-
(0/85) and 5.5% (2/36) very low?* tion for those who received intratympanic

for those who received
an intratympanicin-
jection

steroids.

Vertigo/dizziness: tim-
ing not reported

No study reported on this outcome for both the intervention and comparator groups.

Vertigo/dizziness: at
the time of injection

Comparison not
applicablec

4 studies reported

a rate between 0%
(0/60) and 8.1% (3/37)
for those who received
an intratympanic in-
jectiond

341 (4 studies)

Not calculable

DO

very low>

The evidence is very uncertain regarding
the risk of vertigo/dizziness at the time
of intratympanic injection for those who
received intratympanic corticosteroid as
primary treatment.

Ear pain: timing not re-
ported

No study reported on this outcome for both the intervention and comparator groups.

Ear pain: at the time of
injection

Comparison not
applicablec

One study reported a
rate of 5/37 (13.5%)

73 (1 study)

Not calculable

DOO0O

very low6

The evidence is very uncertain regard-
ing the risk of ear pain at the time of in-
tratympanic injection for those who re-
ceived combined treatment as primary
treatment.

*The basis for the assumed risk is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; MD: mean difference; PTA: pure tone audiometry; RR: risk ratio

aTen studies recruited participants suffering from sudden sensorineural hearing loss. The incidence of improvement for the 10 studies was 57.86%. We have used 579 per
1000 to express the assumed risk.
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bOnly the most widely reported adverse events are described here. For adverse events that could feasibly occur in either group, we have only included the studies that pro-
vided a rate for both groups. For adverse events that could only occur in one group, we have only included the studies that reported the rate in that group, and presented
these as arange. A full description of adverse event data is available for reference in Table 2.

¢Comparisons between patients receiving intratympanic therapy and those receiving only systemic therapy were regarded as invalid for the following adverse events: per-
sistent tympanic membrane perforation, vertigo observed at the time of intratympanic injection and ear pain observed at the time of intratympanic injection. This is ex-
plained in Data extraction and management.

din one study, two groups received intratympanic injection: one group received intratympanic corticosteroid and the other received intratympanic and systemic corticos-
teroid (Tsounis 2018).

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: We are very uncertain about the estimate.

1Downgraded one level due to risk of bias: we rated a study contributing moderate weight to the overall effect estimate as high risk of bias due to concern about random sequence
generation and allocation concealment. Five studies were at high risk of other bias, and one study was at risk of attrition bias. Downgraded one level due to imprecision: the 95%
Cl overlaps the threshold for clinical relevance, taken to be 10 dB.

2Downgraded one level due to risk of bias: we judged 8 of 10 studies to be at high or unclear risk of selection bias and at high risk of other bias. Downgraded one level due to
imprecision: the 95% Cl overlaps the threshold for clinical relevance. Downgraded one level due to inconsistency: the |12 value was moderate (47%).

3Downgraded two levels due to risk of bias: we judged all three studies to be at high or unclear risk of selection bias and high risk of other bias. We also judged one of three studies
to be at high risk of bias for incomplete outcome data and selective reporting. Downgraded one level due to imprecision: the 95% Cl overlaps the threshold for clinical relevance
and the sample size is smaller than the optimal information size (taken as 400 participants).

4Downgraded two levels due to risk of bias: we judged two studies to be at high risk of bias because of concern about random sequence generation, two studies because of
selective reporting, one study because of concern about blinding and one study because of concern about allocation concealment.

SDowngraded two levels due to risk of bias: we judged one study to be at high risk of bias because of concern about random sequence generation and blinding, one study
because of selective reporting and one study because of incomplete outcome data. Downgraded two levels due to imprecision: the number of events is smaller than the optimal
information size (taken as 300 events) and an effect estimate could not be calculated.

6Downgraded two levels due to imprecision: the number of events is smaller than the optimal information size (taken as 300 events) and an effect estimate could not be calculated.
Downgraded one level because of indirectness: provision of data by only a single study from a single setting, which may not adequately represent all patients with ISSNHL.

Summary of findings 3. Intratympanic corticosteroids versus no treatment or versus placebo as secondary therapy

Intratympanic corticosteroids versus no treatment or versus placebo as secondary therapy

Patient or population: sudden sensorineural hearing loss
Settings: after treatment failure with systemic steroids

Intervention: intratympanic steroid therapy
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Comparison: no treatment/placebo

Outcomes Anticipated absolute effects* (95% Cl) No of partici- Relative effect  Certainty of Comments
pants (95% Cl) the evidence
No treat- Intratympanic therapy (studies) (GRADE)
ment/placebo
(corresponding risk)

(assumed risk)
Change in hearing The mean The mean change in PTA 280 MD -9.07 dB P00 Intratympanic therapy may have a
threshold determined change in PTA in the intervention groups (95% Cl-11.47 lowl small effect on hearing threshold com-
by PTA ranged across was on average -9.07 dB (7 studies) to0 -6.66) pared to no treatment or placebo (as

control groups greater (-6.66 greater to secondary therapy), but it is not clear
Range0dBto140dB  from -11.47 greater) whether this change would be impor-

. -13.21dBt0 0.8 tant to patients.
Negative values rep- dB
resent lowering and
positive values rep-
resent raising of the
hearing threshold. A
lower hearing thresh-
old represents hearing
improvement.
Proportion of patients 70 per 10002 385 per 1000 (203 to 747) 232 RR 5.55 BDOO Intratympanic therapy may result in
whose hearing is im- low?2 a much higher proportion of patients
proved (6 studies) (95% Cl2.89 to whose hearing is improved, compared
10.68) to no treatment or placebo (as sec-
ondary therapy).

Final hearing thresh- The mean fi- The mean final PTAinthe 203 MD -11.09 dB [2leICI) Intratympanic therapy may result in
old determined by PTA  nal PTA ranged intervention groups was low3 lower (more favourable) final hearing
(a lower value repre- acrosscontrol  on average-11.09dB low- (5 studies) (95% Cl -17.46 thresholds compared to no treatment
sents better hearing) groups from er (-4.72 lower to -17.46 t0 -4.72) or placebo (as secondary therapy).

59.9t0 90.5dB lower)

HL
Adverse eventsb Events in con- Events in intervention No of Partici- Relative effect  Certainty of Comments

trol group group pants (studies) (95% Cl) the evidence

(GRADE)

Persistent tympanic Comparison not 5 studies reported a rate 185 (5 studies) Not calculable B000 The evidence is very uncertain regard-

membrane perforation

applicablec

between 0% (0/19) and

ing the risk of tympanic membrane
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(4%

4.2% (1/24) for those who very low4 perforation for those who received in-

received an intratympanic tratympanic injection (either corticos-

injectiond teroid or placebo) as secondary treat-
ment.

Vertigo/dizziness: tim-  No study reported on this outcome for both the intervention and comparator groups.
ing not reported

Vertigo/dizziness at Comparison not 3 studies reported a rate 128 (3 studies) Not calculable B0 The evidence is very uncertain regard-
the time of intratym- applicablec between 6.7% (1/15) and ing the risk of vertigo/dizziness at the
panic injection 33% (number not report- very low> time of intratympanic injection (ei-
ed) for those who received ther corticosteroid or placebo) as sec-
an intratympanic injec- ondary treatment.
tion.d

Ear pain: timing notre- ~ No study reported on this outcome for both the intervention and comparator groups.

ported

Ear pain atthetimeof =~ Comparison not One study reported no 44 (one study) Not calculable OO The evidence is very uncertain regard-
intratympanic injec- applicablec participants with ear pain ing the risk of ear pain at the time of
tion at the time of intratym- very low6 intratympanic corticosteroid injection

panic injection (0/24) as secondary treatment.

*The basis for the assumed risk is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; MD: mean difference; PTA: pure tone audiometry; RR: risk ratio

aSix studies recruited participants suffering from sudden sensorineural hearing loss after treatment failure with systemic steroids. The incidence of improvement for the
control group in these six studies was 6.96%. We have used 70 per 1000 to express the assumed risk.

bOnly the most widely reported adverse events are described here. For adverse events that could feasibly occur in either group, we have only included the studies that pro-
vided a rate for both groups. For adverse events that could only occur in one group, we have only included the studies that reported the rate in that group, and presented
these as a range. A full description of adverse event data is available for reference in Table 3.

CComparisons between patients receiving intratympanic therapy and those receiving only systemic therapy were regarded as invalid for the following adverse events: per-
sistent tympanic membrane perforation, vertigo observed at the time of intratympanic injection and ear pain observed at the time of intratympanic injection. This is ex-
plained in Data extraction and management.

dThis includes participants who received placebo intratympanic injection.

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
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Very low certainty: We are very uncertain about the estimate.

1Downgraded one level due to risk of bias: we rated one study contributing moderate weight to the overall effect estimate as having high risk of bias due to incomplete outcome
data. All studies were at high risk of other bias. Downgraded one level due to imprecision: the 95% Cl for the effect overlaps the threshold for clinical relevance and the sample size
is smaller than the optimal information size (taken as 400 participants). One study included treatment in the comparator arm with vitamin B, vasodilators and benzodiazepines
(Ho 2004). However, as the weight of this study in the meta-analysis was low and exclusion of the study made little difference to the effect estimate we did not downgrade for
indirectness.

2Downgraded one level due to risk of bias: we rated two studies as being at high risk of bias due to selective reporting and one study was at high risk of bias for incomplete
outcome data. All studies were at high risk of other bias. Downgraded one level due to imprecision: the total number of events is smaller than the optimal information size (taken
as 300 events).

3Downgraded one level due to risk of bias: we rated one study contributing moderate weight to the overall effect estimate as high risk of bias due to incomplete outcome data,
and one other study as high risk of bias because of selective reporting. All studies were at high risk of other bias. Downgraded one level due to imprecision: the 95% Cl for the
effect overlaps the threshold for clinical relevance and the sample size is smaller than the optimal information size (taken as 400 participants).

4Downgraded one level due to risk of bias: we rated one study as high risk of bias because of selective reporting; we rated one study as high risk of bias because of incomplete
outcome data; we rated three studies as uncertain for random sequence generation, allocation concealment and blinding. Downgraded two levels because of imprecision: the
number of events is smaller than the optimal information size (taken as 300 events) and an effect estimate could not be calculated.

SDowngraded one level due to risk of bias: we rated one study as high risk of bias because of selective reporting; we rated one study as high risk of bias because of incomplete
outcome data; we rated two studies as uncertain for random sequence generation, allocation concealment and blinding. Downgraded two levels because of imprecision: the
number of events is smaller than the optimal information size (taken as 300 events) and an effect estimate could not be calculated.

6Downgraded two levels because of imprecision: the number of events is smaller than the optimal information size (taken as 300 events) and an effect estimate could not be
calculated. Downgraded one level due to indirectness: single study from a single setting, which may not adequately represent all patients with ISSNHL.

Summary of findings 4. Intratympanic plus systemic corticosteroids (combined therapy) versus systemic corticosteroids alone as secondary therapy

Intratympanic plus systemic corticosteroids (combined therapy) versus systemic corticosteroids alone as secondary therapy

Patient or population: sudden sensorineural hearing loss
Settings: after treatment failure with systemic steroids
Intervention: combination of intratympanic and systemic steroid therapy

Comparison: systemic steroid therapy

Outcomes Anticipated absolute effects* (95%  No of partici- Relative effect  Certainty of Comments
Cl) pants (95% CI) the evidence
(studies) (GRADE)

Systemic ther- Combined ther-
apy apy

(assumed risk)  (corresponding
risk)
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Change in hearing threshold
determined by PTA

No studies reported this outcome.

Proportion of patients whose 205 per 10002 459 per 1000 (226 76 RR2.24 OO Combined therapy may increase the
hearing is improved to 933) very lowl proportion of patients whose hearing is
(1 study) (95% Cl 1.10 to improved compared to systemic corti-
4.55) costeroids alone (as secondary therapy),
but the evidence is very uncertain.
Final hearing threshold deter- ~ No studies reported this outcome.
mined by PTA
Adverse eventsb Events in con- Events in inter- No of partici- Relative effect  Certainty of Comments
trol group vention group pants (95% Cl) the evidence
(studies) (GRADE)
Persistent tympanic mem- Comparison not  One study report- 76 (1 study) Not calculable @000 The risk of tympanic membrane perfora-
brane perforation appropriate¢ ed arate of 8.1% tion among those who receive intratym-
(3/37) very low?2 panic corticosteroid combined with sys-

temic corticosteroid as primary treat-
ment is very uncertain.

Vertigo/dizziness:

timing not reported

No studies reported this outcome.

Vertigo/dizziness:

at the time of injection

Comparison not
appropriatec

No study reported a rate in the intervention group.

Ear pain:

timing not reported

No studies reported this outcome.

Ear pain:

at the time of injection

Comparison not
appropriatec

No study reported a rate in the intervention group.

*The basis for the assumed risk is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; PTA: pure tone audiometry; RR: risk ratio

a0ne study recruited participants suffering from sudden sensorineural hearing loss after treatment failure with systemic steroids. The incidence of improvements was
20.51%. We have used 205 per 1000 to express the assumed risk.
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bOnly the most widely reported adverse events are described here. For adverse events that could feasibly occur in either group, we have only included the studies that pro-
vided a rate for both groups. For adverse events that could only occur in one group, we have only included the studies that reported the rate in that group, and presented
these as arange. A full description of adverse event data is available for reference in Table 4.

CComparisons between patients receiving intratympanic therapy and those receiving only systemic therapy were regarded as invalid for the following adverse events: per-
sistent tympanic membrane perforation, vertigo observed at the time of intratympanic injection and ear pain observed at the time of intratympanic injection. This is ex-
plained in Data extraction and management.

GRADE Working Group grades of evidence

High certainty: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: We are very uncertain about the estimate.

1Downgraded two levels due to risk of bias: we judged the study to be at high risk of selection bias, performance bias, incomplete outcome data, selective reporting and other
bias. Downgraded two levels due to imprecision: the 95% Cl overlaps the threshold for clinical relevance and the total number of events is smaller than the optimal information
size (taken as 300 events).

2Downgraded two levels due to risk of bias: we judged the study to be at high risk of bias because of selection bias, concern about blinding, incomplete outcome data and selective
reporting. Downgraded two levels due to imprecision: the number of events is smaller than the optimal information size (taken as 300 events) and an effect estimate could not
be calculated. Downgraded one level because of indirectness: provision of data by only a single study from a single setting, which may not adequately represent all patients
with ISSNHL.
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BACKGROUND

Description of the condition

Idiopathic sudden sensorineural hearing loss (ISSNHL) is a sudden
decrease in sensorineural hearing sensitivity of unknown aetiology.
It is usually unilateral and the degree of severity can vary from
mild hearing loss to total deafness. It may also be accompanied by
vertigo and tinnitus.

There is no international consensus on the definition of ISSNHL in
terms of the degree of hearing threshold change or the number
of specific frequencies that are affected on pure tone audiological
testing. A definition that is commonly used is "loss of at least 30 dB
in three connected frequencies within 72 hours" (Chandrasekhar
2019; NIDCD 2018). However, this definition is not universally
accepted. It does not specify the frequencies and the frequency
range, the rational for choosing this threshold is not known and
it is often not used as an inclusion criterion in clinical trials on
ISSNHL. Although for mild and moderate hearing losses, statistical
floor effects complicate the evaluation of recovery (Chen 2003), it
appears justified to expand the definition to cases with less than
30 dB of hearing loss (Chandrasekhar 2019; Plontke 2007). There is
also a lack of consensus on the most appropriate outcome criteria
for clinical studies (Plontke 2007).

The incidence of sudden sensorineural hearing loss has been
estimated to be 5 to 20 per 100,000 per year in industrial
countries (Byl 1977; Hughes 1996; Stokroos 1996). However,
according to studies in Germany, the incidence may be much
higher: Olzowy 2005 estimated the incidence at 160 per 100,000
per year and Klemm 2009 estimated it at 400 per 100,000 per
year. This discrepancy may be due to the absence of international
consensus on the audiological definition and outcome criteria.
The mean age of patients included in randomised controlled trials
(RCTs) is between 45 and 55. Men and women are equally affected.
ISSNHL in childhood is rare (Desloovere 1988; Klemm 2007; MOsges
2009; Plontke 2007; Probst 1992; Tucci 2002; Tran Ba Huy 2005).
Idiopathic sudden sensorineural hearing loss, particularly when
accompanied by tinnitus and dizziness, results in a significant
reduction in quality of life (Carlsson 2011; Stachler 2012).

Various theories to explain ISSNHL have been proposed,
for example viral infection, vascular occlusion, breakdown
of labyrinthine membranes or barriers, immune-mediated
mechanisms (Vambutas 2021) and abnormal cellular stress
responses within the cochlea. However, none of these hypotheses
has been proven convincingly in humans (Merchant 2005; Merchant
2008).

Treatment modalities for ISSNHL are mostly based on the above
etiopathogenetic hypotheses and include (gluco)corticosteroids,
rheological drugs (e.g. dextran, hydroxyethyl starch, pentoxifylline
and naftidrofuryl), vasodilators, anaesthetics, osmotically
active substances, antioxidants, thrombocyte aggregation
inhibitors, fibrinogen reduction through drugs or apheresis or
rheopheresis (Suckfill 2002), hyperbaric oxygen therapy, antiviral
therapy, N-methyl-D-aspartate (NMDA) receptor antagonists,
immunosuppressants, anti-apoptotic substances (Suckfuell
2014), and other substances (see reviews in: Conlin 2007a; Labus
2010; Lawrence 2015; Plontke 2005). Cochrane Reviews have
assessed treatment of ISSNHL with systemic corticosteroids (Wei
2006; Wei 2013), hyperbaric oxygen (Bennett 2007; Bennett 2012),

and vasodilators (Agarwal 2009), without demonstrating clear
efficacy.

Systemic corticosteroids are widely used for ISSNHL worldwide
(Plontke 2005). A Cochrane Review on systemic corticosteroids
for ISSNHL found that there was uncertainty about the value of
corticosteroids in the treatment of ISSNHL, "since the evidence
from randomised controlled trials is contradictory in outcome,
in part because the studies are based upon too small a number
of patients" (Wei 2006). These findings were supported by
another meta-analysis (Conlin 2007b). The updated version of the
Cochrane Review also included a randomised, placebo-controlled,
multicentre trial published in 2012 comparing the effect of
prednisolone and placebo (Nosrati-Zarenoe 2012); again the review
found that there was uncertainty about the value of systemic
corticosteroids in the treatment ISSNHL (Wei 2013).

In general, possible side effects of systemic corticosteroid
medication include metabolic complications, such as glucose
intolerance and diabetes mellitus, hypertension, increased
intraocular pressure and glaucoma, psychotropic effects,
hypothalamic-pituitary-adrenal-axis suppression, gastrointestinal
bleeding, bone loss, avascular necrosis of the femoral or humeral
head and potential infections. A study investigating the risk of
corticosteroid-induced hyperglycaemia concluded that prevalence
during systemic therapy is high and rises as the dose increases
(Rohrmeier 2012). Although the rate of occurrence of side effects
with systemic corticosteroid therapy appears low (Garcia-Berrocal
2008), systematic data recording and publication of the proposed
side effects are still insufficient, and adverse effects from a
short course of high-dose systemic corticosteroids have not been
documented with good evidence. It is only possible, therefore, to
speculate as to whether these known side effects occur during
(longer) systemic corticosteroid treatment of ISSNHL and, if so, to
what degree.

The terms 'steroids!, 'corticosteroids', 'glucocorticoids' are
unfortunately used imprecisely and interchangeably in the
literature on ISSNHL. The term 'corticosteroid' is used throughout
this review, since this term is more often used and generally
accepted in the literature on ISSNHL (Chandrasekhar 2019; Rauch
2011).

Description of the intervention

The rationale for local intratympanic application of drugs for
the treatment of inner ear diseases is based on the expected
advantages over systemic treatment. These are 1) the bypassing of
the blood-labyrinthine barrier, resulting in 2) higher concentrations
in the inner ear fluids despite the lower total amount of drug
given, and 3) avoiding the major unwanted effects of systemically
administered medications due to lower systemic drug levels.

Pharmacokinetic studies in animals and humans have shown that
high doses of systemic corticosteroids are needed to achieve
detectable drug levels in the inner ear perilymph and that
substances applied to the round window membrane lead to
significantly higher drug levels in the inner ear fluids compared
to systemic application (Bachmann 2001; Bird 2007; Bird 2011,
Chandrasekhar 2000; Niedermeyer 2003; Parnes 1999). Thus,
applying drugs locally may be more effective in treating sudden
sensorineural hearing loss and may avoid systemic complications
and side effects. The introduction of this drug delivery approach
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has triggered a large number of pre-clinical studies focused on
the pharmacokinetics of local drug delivery to the inner ear and
the development of drug delivery systems (reviewed, for example,
in: Hoskison 2013; Nakagawa 2011; Pararas 2012; Salt 2009; Salt
2018).

Intratympanic injection of corticosteroids for ISSNHL in humans
was pioneered by Silverstein (Silverstein 1996) and Parnes (Parnes
1999). Since then, a rapidly growing number of reports have
been published on treatment results of intratympanic application
of corticosteroids for inner ear disorders (Lavigne 2016; Liebau
2017; Liebau 2018). Intratympanic injection of corticosteroids
is used not only as a single treatment approach but also in
combination with systemic administration of corticosteroids. In
a Cochrane meta-analysis, Phillips 2011 assessed the efficacy of
intratympanic corticosteroids for Méniére's disease. The majority
of clinical reports, however, described the use of intratympanic
corticosteroids for sudden hearing loss and more studies,
including randomised controlled trials, are ongoing. So far,
mainly dexamethasone or methylprednisolone preparations have
been used as a primary or a second-line ('rescue', 'salvage’,
'reserve') intratympanic therapy for ISSNHL. Although these
studies have shown intratympanic treatment with corticosteroids
to be relatively safe, efficacy is difficult to assess since many
studies did not compared their findings with a control group,
and an even smaller number were randomised trials (reviewed
in: Chandrasekhar 2019; Crane 2015; Gao 2016; Garavello 2012;
Haynes 2007; Lavigne 2016; Lawrence 2015; Li 2015; Marx 2018 Ng
2015; Seggas 2011; Spear 2011; Stachler 2012; Vlastarakos 2012;
Zhao 2016).

Several methods for intratympanic application of corticosteroids
haven been developed in recent years. Most are single or
repeated intratympanic injections with or without visualisation
of the round window membrane. In some studies additional
substances like hyaluronic acid are used for volume stabilisation
to increase the persistence of the drug in the middle ear. Another
strategy is continuous or discontinuous drug application via
partly or fully implantable pump systems, allowing adjustment
of drug concentrations over time. Potential adverse events in the
intratympanic application of corticosteroids are in principle the
same as in systemic drug administration, but to a lesser extent.
Some of the intratympanically applied drug may be lost from the
middle ear by drainage through the Eustachian tube and then
swallowed. However, the dose is much lower than with systemic
application. Persistent perforation of the tympanic membrane can
develop after injection if there is an impaired healing process. Also,
temporary pain may be observed, or temporary vertigo or dizziness
due to caloric stimulation.

How the intervention might work

Corticosteroids were originally implemented in the treatment of
ISSNHL because of their anti-inflammatory effect. It is assumed
that the main cause of sudden deafness is a harmful effect of
the immune system on the inner ear in response to viral infection
(Wilson 1980). However, corticosteroids have further effects, mainly
mediated by activation of the glucocorticoid receptor, which could
play a role in the treatment of sudden hearing loss. One important
effect is an increase in anti-apoptotic transcription factors in cells
and the blocking of apoptosis signalling pathways. This could
protect the sensory hair cells and other neural and non-neural
structuresin theinner ear (Eshraghi 2006; Hoang 2009; Trune 2012).

However, probably the most important effect of corticosteroids is
their property of reducing the impact of oxidative stress in cells
(Trune 2012). Recent studies point out that oxidative stress plays
animportantrole in the aetiology of sudden hearing loss (Gul 2016;
Quaranta 2016). Glucocorticoids also bind to the mineralocorticoid
receptor (Grossmann 2004). Additional effects of corticosteroids are
mediated by activation of the mineralocorticoid receptor, which
has an impact on cochlear ion transport (Trune 2006). This may
help to restore a disturbed homeostasis in the inner ear and ensure
hair cell function driven by the endocochlear potential (MacArthur
2015). For some of these effects, especially the anti-apoptotic and
anti-oxidative effects, a high drug concentration in the inner ear
might be necessary (Haake 2009). Since there is no accumulation
of corticosteroids in the inner ear, and as corticoid entrance to the
inner ear structures is limited by the blood-labyrinth barrier, drug
concentration in the inner ear with systemic application will not
exceed the systemic plasma concentration. Local application of
corticosteroids to the inner ear by intratympanic injection achieves
a short-duration, high concentration of the drug in the middle ear
cavity, from where the drug can diffuse through the boundaries to
the inner ear, i.e. the round window and the oval window (King
2011; Salt 2009). Thus, higher corticosteroid concentrations can be
achieved in the inner ear, which might be necessary for successful
treatment of sudden hearing loss (Bird 2007; Bird 2011).

Hearing recovery in patients with ISSNHL mostly occurs early,
within a few days of onset, but can also occur after several weeks
(Liebau 2017; Liebau 2018). It has been observed that the time
course of hearing recovery can extend to six months (Kosyakov
2011). However, most of the hearing improvement will take place
during the first weeks after onset. To estimate the treatment
effect of an intervention for ISSNHL, it is desirable that the final
outcome assessment is conducted after several weeks of follow-up.
Short evaluation periods may risk underestimation of treatment
effects (Wycherly 2011). After the recovery period, the hearing
thresholds reached can be assumed to be stable in most patients.
A large randomised controlled trial (published protocol) assessed
the primary outcome 30 days after onset with an initial assessment
after 10 days and a follow-up at six months (Plontke 2016).

Why it is important to do this review

There is still uncertainty as to 1) whether intratympanic
corticosteroids are better than placebo or no treatment, 2)
whether intratympanic administration of corticosteroids alone or
in combination with systemic application of steroids will lead to
better results than systemic drug administration alone, 3) if so,
which treatment protocol will lead to the best outcome and 4)
what risks of adverse events are associated with this approach in
inner ear therapy. This Cochrane Review was therefore warranted
to assess the benefits and harms of intratympanic corticosteroids
treatment for ISSNHL.

OBJECTIVES

To assess the effects of intratympanic corticosteroids in people with
idiopathic sudden sensorineural hearing loss (ISSNHL).
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METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs) and quasi-
randomised controlled trials according to the Cochrane definition
(Handbook 2021). Cross-over trials were not included. Cross-over
trials are not feasible for the evaluation of interventions in the
treatment of ISSNHL as there is no possibility to return to the
baseline situation after the first intervention.

Types of participants

We included adults and children, female and male, of any ethnic
origin, with unilateral ISSNHL (i.e. sudden sensorineural hearing
loss of unknown aetiology) with or without vertigo, and with or
without tinnitus.

Studies in patients with non-idiopathic conditions or diagnoses
were excluded (e.g. acoustic trauma, Méniére's disease, fluctuating
hearing loss, endolymphatic hydrops, suspected retro-cochlear
lesion, hearing loss due to ear surgery, perilymph fistula or
barotrauma, middle ear inflammation or effusion, or conductive
hearing loss).

Types of interventions

Corticosteroids (also referred to as steroids), which were applied
by intratympanic application for the treatment of ISSNHL as one of
two treatment strategies:

« asprimary (first-line) treatment; or

« as secondary (rescue/salvage/reserve/second-line) treatment
after failure of primary therapy.

Corticosteroids were administered using one of the following drug
delivery systems:

« single or repeated intratympanic injection with or without
volume stabilisation and with or without visualisation of the
round window membrane; or

« continuous or discontinuous drug application via partly or fully
implantable pump systems.

The different methods of intratympanic drug delivery were
considered together as intratympanic application.

We included studies of the following comparisons:

« intratympanic corticosteroids versus no treatment or versus
placebo;

« intratympanic corticosteroids versus systemic corticosteroids;
« intratympanic plus systemic corticosteroids (combined therapy)
versus systemic corticosteroids alone;

« intratympanic plus systemic corticosteroids (combined therapy)
versus no treatment or versus placebo.

Studies were included regardless of the precise details of the
treatment protocol (e.g. type of corticosteroid used, injection
procedure, dose, frequency of application and duration of
treatment).

Types of outcome measures

We did not use the outcomes selected for the review as a basis for
including or excluding studies. We conducted analyses on outcome
data collected more than one week (eight days or more) after the
start of treatment.

The primary outcome was the change in mean hearing threshold
determined by pure tone audiometry (pure tone average) between
treatment arms and measured in decibels (dB). A lowering of the
mean hearing threshold represents an improvement in hearing.
To indicate the direction of change, we denoted a lowering of
mean threshold as a negative value, and an elevation of the
mean threshold as a positive value. There was no restriction on
frequencies or number of frequencies used for generation the pure
tone average.

Secondary outcome measures included final hearing threshold
(pure tone average at the study endpoint), frequency-specific
changes in mean hearing threshold, the proportion of patients
whose hearing improved (based on pure tone average and/or
speech audiometry and without restriction on definition) and
changesin hearing threshold based on speech audiometry (without
restriction on type or language of speech test).

Also among the secondary outcomes were minor and serious
adverse events.

Primary outcomes

« Change in hearing threshold with pure tone audiometry (pure
tone average (PTA)).

Secondary outcomes

« Proportion of patients whose hearing is improved (criteria for
improvement were defined by the included studies).

+ Final hearing threshold with pure tone audiometry.
+ Changein hearing threshold with speech audiometry.

« Frequency-specific changes in hearing threshold with pure tone
audiometry.

« Mean level ofimprovement in those whose hearing isimproved.

« For patients with profound pre-treatment hearing loss:
percentage of patients reaching serviceable hearing (defined
as maximum percentage of correctly understood monosyllables
equal or greater than 50%).

« Effect on tinnitus and vertigo.
« Minor and serious adverse events.

Search methods for identification of studies

The Cochrane ENT Information Specialist conducted systematic
searches for randomised controlled trials and controlled clinical
trials. There were no language, publication year or publication
status restrictions. The date of the search was 23 September 2021.

Electronic searches
The Information Specialist searched:

« the Cochrane ENT Trials Register (searched via the Cochrane
Register of Studies 23 September 2021);

« the Cochrane Central Register of Controlled Trials (searched via
the Cochrane Register of Studies) (CENTRAL 2021, Issue 9);
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o PubMed (1946 to 23 September 2021);

« Ovid Embase (1974 to 23 September 2021);

o LILACS, lilacs.bvsalud.org (searched 23 September 2021);

« Web of Knowledge, Web of Science (1945 to 23 September 2021);

o CNKI, www.cnki.com.cn (searched via Google Scholar 23
September 2021);

« ClinicalTrials.gov (searched via the Cochrane Register of Studies
and clinicaltrials.gov 23 September 2021);

« World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP), www.who.int/ictrp (searched 23
September 2021).

The Information Specialist modelled subject strategies for
databases on the search strategy designed for CENTRAL. Where
appropriate, they were combined with subject strategy adaptations
of the highly sensitive search strategy designed by Cochrane for
identifying randomised controlled trials and controlled clinical
trials (as described in the Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0, Box 6.4.b. (Handbook 2011).
Search strategies for major databases including CENTRAL are
provided in Appendix 1.

Searching other resources

We scanned the reference lists of identified publications for
additional trials and contacted trial authors where necessary.
In addition, the Information Specialist searched PubMed, the
Cochrane Library and Google to retrieve existing systematic reviews
relevant to this systematic review, so that we could scan their
reference lists for additional trials.

Data collection and analysis

Data collection and analysis for this review were specified in a pre-
published protocol (Plontke 2009). Changes that have been made
since the protocol are specified in the section Differences between
protocol and review.

Selection of studies

After scanning all search results and independent screening of titles
and abstracts, we retrieved the full texts of reports that loosely met
the inclusion criteria and where exclusion of studies could not be
clearly inferred from the abstract. At least two authors reviewed
these and applied the inclusion criteria independently. These were
1) intratympanic corticosteroid treatment of ISSNHL, 2) clinical
study, 3) stated randomisation process and 4) studying at least one
comparison included in the review.

Final decisions on inclusion were based on full-text analysis
of preselected studies for the following criteria: 1) a reported
randomisation process in the main text of the study report, 2)
studying comparisons included in the review, 3) the diagnosis
of included patients was ISSNHL, 4) the proportion of included
patients with bilateral ISSNHL was below 5%, and 5) the time point
of final outcome assessment was at least one week (eight days
or more) after the start of treatment. In order to include a high
number of studies, we also included those performing outcome
assessments with short follow-up (less than four weeks). However,
we considered a short follow-up duration of two weeks or less to
represent a high risk of bias in these studies.

We openly discussed any differences of opinion about which
studies to include in the review. If consensus could not be reached,
we planned to refer these studies to the Cochrane ENT Co-
ordinating Editor. However, this was not necessary in any case.
Publications in languages that could not be read by the authors
were fully translated by a professional translator. Further, if such
studies were included in the meta-analyses, two native speakers
independently performed extraction of key data, co-ordinated by
Cochrane ENT.

Data extraction and management

Study characteristics and data related to participants from each
study were always independently extracted by at least three
authors. Any discrepancies among the extracted data were
discussed and resolved by consensus. Only treatment arms that
met the comparisons defined in the review were included. If a
study had more than one treatment arm matching the same type
of intervention, we selected the one most widely used among
included studies. In most studies, we extracted outcome data
from the defined primary endpoint. When no time point was
defined as the primary endpoint, we selected the latest time point
for inclusion. Exceptionally, if the number of participants lost to
follow-up was very high at the final time point and the necessary
outcome parameters and numbers of participants were reported
for an earlier time point, we chose this earlier time point. This is
documented in the Characteristics of included studies table.

We documented the following details for each study:

« Methods (study design, country, year, setting, allocation,
blinding).

« Participants (inclusion and exclusion criteria, number of
included participants, baseline parameters).

« Interventions (treatment arms, time point of start of
intervention, whether primary therapy or secondary/rescue
therapy, dosage and type of steroid, drug delivery strategy,
injection regime, duration of intervention, time to follow-up,
concomitant treatments).

+ Outcomes (defined primary and secondary outcomes in the
review (see above), definition of PTA and successful hearing
improvement, number of completed and analysed participants,
type of analysis).

« Funding sources and declarations of interest.

We always extracted outcome data based on intention-to-treat
(ITT) analysis when they were reported, in preference to data based
on per-protocol (PP) analysis. We extracted the following summary
statistics for each study and each outcome:

« For continuous data: the mean values, standard deviations and
number of patients for each treatment group.

« For binary data: the number of participants experiencing an
event and the number of patients assessed at the time point.

We took an exploratory approach to assessing adverse events and
extracted data on all adverse events reported by the trialists.

Assessment of risk of bias in included studies

Assessment of the risk of bias of the included studies was
undertaken independently by four authors with the following
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domains taken into consideration, as guided by the Cochrane
Handbook for Systematic Reviews of Interventions (Handbook 2011):

« sequence generation;

« allocation concealment;

« blinding;

« incomplete outcome data;
« selective reporting; and

« other sources of bias.

We used the Cochrane risk of bias tool in RevMan 5 (RevMan 2020),
which involves scrutiny of each domain as reported in the trial
and judgement about the adequacy of each entry. Discrepancies
between raters' judgements were discussed and resolved by
consensus. We judged the risk of bias to be 'high’, 'low' or 'unclear"
and documented this together with an explanation in the risk of
bias tables in Characteristics of included studies. In non-placebo-
controlled studies, we generally considered the risk of bias derived
from a lack of blinding to be 'low' because we assumed that
the ascertainment of outcomes was not influenced by open (non-
blind) administration. Studies that met the inclusion criteria after
screening were included in the review independent of their risk
of bias classification. The assigned risk of bias in studies had
an influence on the assessment of the certainty of the evidence
(GRADE).

Measures of treatment effect

We summarised the effects of dichotomous outcomes (e.g.
proportion of patients with hearing improvement measured by
pure tone audiometry) as risk ratios (RR) with a 95% confidence
interval (Cl). For the key dichotomous outcomes presented in
the summary of findings tables, we also expressed the results
as absolute numbers (the assumed risk in the comparator group
and the corresponding risk associated with the experimental
intervention, based on its pooled relative effect and 95% Cl).

For outcomes measured on a continuous scale (e.g. change in
PTA, final PTA), we calculated the mean difference (MD) with a
95% Cl. The summary statistic in the meta-analysis for the primary
outcome was the mean difference (MD) of the mean change in dB
(baseline/post-therapy) in hearing threshold between two groups
in each study, measured by pure tone audiometry. The summary
statistic in the meta-analysis of the secondary outcome 'final
hearing threshold' was the mean difference (MD) of the mean final
hearing threshold in dB HL (post-therapy) between two groups in
each study, measured by pure tone audiometry. We used RevMan
5 to compute the measures of treatment effect for each individual
study (RevMan 2020).

For hearing outcomes measured on a continuous scale (e.g. change
in PTA, final PTA), we assumed a difference of 10 dB to be a clinically
relevant effect. This decision was based on the test-retest reliability
of pure tone audiometric measurements, established minimal
criteria for improvement in individual patients (Chandrasekhar
2019; Gurgel 2012; Stachler 2012), and on a large RCT on this topic
with low risk of bias (Rauch 2011).

For dichotomous outcomes (e.g. proportion of patients with
hearing improvement), we used a threshold of 25% or more in
RR increase for appreciable benefit as suggested in the GRADE
guideline (Guyatt 2011). The 10 dB difference and the 25% criteria
were agreed upon by all authors.

Unit of analysis issues

The unit of analysis was the individual participant. We intended
to include only studies in which the individual participant was
the unit of analysis, regardless of whether they had unilateral or
bilateral hearing loss. However, we did identify one study in which
the unit of analysis was a single ear (Kosyakov 2011). As only a very
small number of participants had bilateral hearing loss, we decided
to include these data in the review. Although we were unable to
account for the correlation between the ears, treating the data as
independent is likely to produce a more conservative estimate of
the treatment effect.

Dealing with missing data

We considered missing information about the methods of the
included studies (e.g. when the method of randomisation was
not reported) in the risk of bias assessment. Where data relating
to an outcome of interest were not reported, we contacted the
study authors. If the study authors could not provide the missing
data or did not respond we excluded the study from the analysis
of that outcome. If standard deviation data were not available,
we approximated them using standard estimation methods from
P values, standard errors or 95% Cls if these were reported,
as detailed in the Cochrane Handbook for Systematic Reviews of
Interventions (Handbook 2021).

Assessment of heterogeneity

We assessed both clinical and statistical heterogeneity. Clinical
heterogeneity may be present even in the absence of statistical
heterogeneity. For assessment of clinical heterogeneity we
examined the included studies for evidence of major differences
in the types of participants recruited, interventions, controls or
outcomes measured.

We assessed statistical heterogeneity by visually inspecting the
forest plots and by considering the Chi? test and the I? statistic.
The latter calculates the percentage of variability that is not due
to chance. I values over 50% suggest the presence of substantial
heterogeneity (Handbook 2021). Due to the low power of the Chi?
test we set a significance level of P<0.1.

Assessment of reporting biases

We assessed two aspects of reporting bias: between-study
publication bias and within-study outcome reporting bias.

Publication bias (between-study reporting bias)

Where sufficient studies (10 or more) were available foran outcome,
we used a funnel plot to assess publication bias.

Outcome reporting bias (within-study reporting bias)

We assessed within-study reporting bias by comparing the
outcomes reported in the published report with those listed in the
methods section. If a study protocol was available, we compared
the reported outcomes with the pre-specified outcomes in the
study protocol. When results were not reported in a statistically
correct way this was reflected in a designation of high risk of bias
due to selective outcome reporting.

Data synthesis

We used RevMan 5 to carry out meta-analyses (RevMan 2020).
Where possible we analysed data to give a summary measure of
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effect. We always used a fixed-effect model for meta-analysis to
measure the effect. For dichotomous data, we analysed treatment
differences as a risk ratio (RR). For continuous outcomes, if all
the data were from the same scale, we pooled mean differences
between values obtained at follow-up and at baseline and reported
this as a MD. We performed separate analyses for studies assessing
primary and secondary therapy respectively.

Few studies reported the outcomes 'change in hearing threshold
with speech audiometry' and 'frequency-specific hearing loss"
Furthermore, studies often used different methods of speech
audiometry and it was not clear if these were directly comparable.
Therefore we have not conducted any meta-analyses for these
outcomes, but have instead shown the available data on a forest
plot without pooling.

The type of adverse events varied widely between the different
studies and it was often unclear whether these events had been
systematically assessed and reported. Few studies reported an
event rate for each randomised group. More often, a rate was
reported for only one group, or a broad statement was made
that 'no adverse events were observed'. Sometimes it was unclear
to which group a statement applied. The lack of comparable
data across groups and across studies meant we were unable to
synthesise the data for many types of event and permitted few
meta-analyses.

We considered some adverse events to be directly related to the
procedure of intratympanic injection, which may have explained
why these events were not always assessed or reported in the
comparator group. We considered people with ISSNHL to be very
unlikely to experience tympanic membrane perforation, sudden-
onset vertigo (at the time of intratympanic injection) or sudden-
onset ear pain (at the time of intratympanic injection) unless
directly attributable to the procedure. For these events we have
provided a narrative synthesis of the event rate in the relevant
group and presented these as a range.

For adverse events that could feasibly occur in either group, we
have only included the studies that provided a rate for both groups,
which allowed a comparison between the groups. A full description
of all reported adverse event data is available for reference in Table
1, Table 2, Table 3 and Table 4.

Subgroup analysis and investigation of heterogeneity

We did not perform subgroup analysis, due to insufficient data for
our planned analyses. We had planned to consider the following
subgroups in the review:

« Degree of hearing loss at initial presentation.
« Age of patients.

« Presence of vertigo and/or tinnitus.

« Time before start of intratympanic treatment.
« Duration of intratympanic treatment.

« Drugdelivery strategy/system used (e.g. intratympanic injection
or continuous delivery etc).

« Dose of intratympanic treatment.
Sensitivity analysis

We carried out sensitivity analyses to determine whether or not the
findings were robust, based on the decisions made in undertaking

the review. We planned analyses excluding studies with high risk of
bias. Studies with high risk of bias were defined as those that had
a high risk of selection bias (bias in randomisation or concealment,
or both), an overall loss to follow-up of > 25%, or unclear or
imbalanced baseline parameters (e.g. treatment delay in Ashtiani
2018).

Summary of findings and assessment of the certainty of the
evidence

Two independent authors (AL and CM) used the GRADE approach
to rate the overall certainty of evidence. The certainty of evidence
reflects the extent to which we are confident that an estimate of
effect is correct and we considered this in the interpretation of
results. There are four possible ratings: high, moderate, low and
very low. A rating of high certainty of evidence implies that we are
confident in our estimate of effect and that further research is very
unlikely to change our confidence in the estimate of effect. A rating
of very low certainty implies that any estimate of effect obtained is
very uncertain.

The GRADE approach rates evidence from RCTs that do not have
serious limitations as high certainty. However, several factors can
lead to the downgrading of the evidence to moderate, low or very
low. The degree of downgrading is determined by the seriousness
of these factors:

« study limitations (risk of bias);

« inconsistency (heterogeneity);

« indirectness of evidence
population);

« imprecision (variance of the outcome within studies); and

« publication bias.

(characteristics of participant

We included a summary of findings table, constructed according
to the recommendations described in Chapter 10 of the Cochrane
Handbook for Systematic Reviews of Interventions (Handbook 2021),
for the following comparisons:

 Intratympanic corticosteroids versus systemic corticosteroids as
primary therapy.

« Intratympanic plus systemic corticosteroids (combined therapy)
versus systemic corticosteroids alone as primary therapy.

« Intratympanic corticosteroids versus no treatment or versus
placebo as secondary therapy.

« Intratympanic plus systemic corticosteroids (combined therapy)
versus systemic corticosteroids alone as secondary therapy.

We included the following outcomes in the summary of findings
tables:

« Change in hearing threshold with pure tone audiometry (pure
tone average (PTA)).

« Proportion of patients whose hearing is improved.
Final hearing threshold.

« Adverse events.

As described above, adverse events were inconsistently reported
across the studies, and a wide range of different adverse events
were described. For the summary of findings tables, we therefore
prioritised events that were considered to be of most relevance to
intratympanic injection, namely tympanic membrane perforation,
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ear pain and vertigo/dizziness. All other adverse events are
described in the text of the review and additional tables (Table
1; Table 2; Table 3; Table 4), but not included in the summary of
findings tables.

The wording in the comments of the summary of findings tables,
in the abstract, the results and the authors’ conclusion sections
was based on the 'GRADE guidelines informative statements to
communicate the findings of systematic reviews of interventions'
(Santesso 2020). In this guideline, producers and users of
systematic reviews found statements to communicate findings
combining size and certainty of an effect acceptable. The Cochrane
Handbook for Systematic Reviews of Interventions (Chapter 15.6.4)
also suggests using these narrative statements for drawing
conclusions based on the effect estimate from the meta-analysis
and the certainty of the evidence (Handbook 2021).

RESULTS

Description of studies
Results of the search

The flow of records from the number of references identified in
the search to the number of studies included in the review is
shown in Figure 1. The database search yielded 1720 records
after duplicates were removed. We identified 59 additional records
through other sources. We screened 1779 records for initial
inclusion and discarded 1399 records because they did not study
intratympanic corticosteroid treatment of ISSNHL. We discarded a
further 328 articles because they were reviews, case reports, study
protocols or not randomised controlled studies (i.e. randomised
controlled trials and quasi-randomised controlled trials). Finally,
we assessed 52 randomised and quasi-randomised trials for
eligibility. We excluded 20 studies because either the study was
carried out in the wrong population (n = 3), or used the wrong
intervention (n =4) or wrong comparator (n = 12). We excluded one
study because the duration of follow-up was seven days or less. See
Excluded studies and Characteristics of excluded studies.
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Figure 1. Process of selection of studies for inclusion in the review.
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We included the remaining 30 studies in the review.

Included studies

Thirty studies met the criteria for inclusion with 2133 analysed
patients in total. See the Characteristics of included studies
table for full details.

Study design

All included studies were parallel-group RCTs. The majority of
studies were open-label trials. Only four studies reported blinding
of participants, personnel and outcome assessors (Ashtiani 2018;
Battaglia 2008; Plontke 2009; Wu 2011).

2 further studies are ongoing

Participants

All included studies recruited adult participants. Studies were
conducted in a number of locations, including China (Chang 2010;
Huang 2021; Li 2011; Peng 2008; Qu 2015; Tong 2021; Wu 2011;
Zhou 2011), the Republic of Korea (Ahn 2008; Choi 2011; Hong
2009; Lee 2011; Lim 2013), Greece (Koltsidopoulos 2013; Tsounis
2018; Xenellis 2006), Turkey (Arslan 2011; Ermutlu 2017; Gundogan
2013), Iran (Arastou 2013; Ashtiani 2018), the USA (Battaglia 2008;
Rauch 2011), Germany (Plontke 2009), India (Swachia 2016), Italy
(Dispenza 2011), Russia (Kosyakov 2011), Saudi Arabia (Al-Shehri
2015), Sri Lanka (Rupasinghe 2017), and Taiwan (Ho 2004).

Baseline hearing loss

All participants had SSNHL, but the specific hearing threshold
required by the studies did differ. The most common threshold
was a hearing loss of > 30 dB in three contiguous frequencies,
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occurring over the course of < 72 hours (Ahn 2008; Choi 2011;
Dispenza 2011; Ermutlu 2017; Gundogan 2013; Hong 2009; Huang
2021; Koltsidopoulos 2013; Kosyakov 2011; Lee 2011; Li 2011; Lim
2013; Swachia 2016; Tsounis 2018; Wu 2011; Xenellis 2006; Zhou
2011). Three studies did not describe the use of these thresholds
in their methods, but defined SSNHL according to these criteria
elsewhere in the article, therefore it is presumed that the same
criteria were used (Arastou 2013; Ashtiani 2018; Peng 2008). Some
studies used a smaller change in hearing threshold, such as > 20
dB hearing loss in three contiguous frequencies (Arslan 2011; Tong
2021), or > 10 dB hearing loss in three contiguous frequencies
(Rupasinghe 2017). Again, one study did not describe the definition
of SSNHL in the methods of the paper, but referred elsewhere to a
definition of > 20 dB hearing loss in three contiguous frequencies,
therefore we presumed this threshold was used (Battaglia 2008).

Two studies required participants to have a pure tone average of
50 dB or higher and the affected ear having hearing at least 30
dB worse than the contralateral (unaffected) ear (Al-Shehri 2015;
Rauch 2011). One study required a hearing threshold of = 50 dB
hearing loss for three or more frequencies (PTA including 0.5 kHz,
1 kHz, 2 kHz, 3 kHz and 4 kHz) or = 60 dB for two frequencies, or
=70 dB for any frequency within this range, or a speech reception
threshold of = 70 dB SPL or a speech discrimination score of = 30%
(Plontke 2009). Three studies did not provide a hearing threshold
at which participants were included in the study (Chang 2010; Ho
2004; Qu 2015).

Time to initial treatment

For studies that were concerned with primary treatment, the
majority enrolled and commenced treatment within 15 days of
the onset of SSNHL (Al-Shehri 2015; Ashtiani 2018; Choi 2011;
Ermutlu 2017; Gundogan 2013; Hong 2009; Huang 2021; Qu 2015;
Rauch 2011; Rupasinghe 2017; Swachia 2016; Tong 2021; Tsounis
2018). Five studies permitted enrolment in the study after a longer
delay, but most participants were recruited within two weeks
(Arslan 2011; Battaglia 2008; Dispenza 2011; Koltsidopoulos 2013;
Kosyakov 2011). Four studies did not specify the time from onset
of symptoms to treatment as an inclusion criterion. The delay to
treatment in three of these studies was a mean of 7 days (Ahn 2008),
8.4days (Lim 2013), and 5.6 days (Peng 2008). One study specifically
recruited participants with poor prognostic factors, which may
have included a delay in treatment (Arastou 2013). For this study,
38% of participants had a delay of more than two weeks before
receiving their first treatment.

Failure of initial treatment

For studies that were concerned with secondary treatment,
participants were recruited based on the failure of initial therapy.
Treatment failure was also defined differently across the studies.
Two studies based this purely on the improvement in hearing
over the course of therapy, with improvement of < 10 dB (Lee
2011) or < 30 dB (Ho 2004) regarded as treatment failure. Three
studies considered the difference between ears, with or without the
absolute hearing threshold: Wu 2011 used a > 20 dB HL difference
on PTA when compared to the contralateral (unaffected) ear to
define treatment failure, whilst Li 2011 and Xenellis 2006 both used
a > 10 dB HL difference when compared to the contralateral ear
or a PTA of < 30 dB. Plontke 2009 required a hearing threshold
in the contralateral ear to be at least 20 dB HL better than the
affected ear in at least three frequencies between 0.5 kHz and 4
kHz. Zhou 2011 considered treatment failure as a change of less

than 15 dB in PTA at four frequencies and an increase of < 15% in
speech discrimination score after initial therapy. Chang 2010 stated
that participants were included if they were refractory to primary
therapy after 20 days, but did not describe how this was defined.

Interventions and comparisons

Most of the included studies investigated primary treatment of
ISSNHL (Ahn 2008; Al-Shehri 2015; Arastou 2013; Arslan 2011;
Ashtiani 2018; Battaglia 2008; Choi 2011; Dispenza 2011; Ermutlu
2017; Gundogan 2013; Hong 2009; Huang 2021; Koltsidopoulos
2013; Kosyakov 2011; Lim 2013; Peng 2008; Qu 2015; Rauch 2011,
Rupasinghe 2017; Swachia 2016; Tong 2021; Tsounis 2018).

For primary treatment, 12 studies compared intratympanic
treatment to systemic steroids, which were predominantly
administered orally (Al-Shehri 2015; Dispenza 2011; Ermutlu
2017; Hong 2009; Huang 2021; Kosyakov 2011; Peng 2008;
Qu 2015; Rauch 2011; Rupasinghe 2017; Swachia 2016; Tong
2021). Six studies compared combined treatment (intratympanic
plus systemic corticosteroids) with systemic corticosteroids
alone (Ahn 2008; Arastou 2013; Arslan 2011; Choi 2011;
Gundogan 2013; Koltsidopoulos 2013). Four studies included three
treatment arms (intratympanic treatment alone, intratympanic
plus systemic treatment and systemic treatment alone) and
therefore contributed data to both of these comparisons (Ashtiani
2018; Battaglia 2008; Lim 2013; Tsounis 2018).

A small number of studies investigated secondary treatment, after
thefailure of initial therapy (Chang 2010; Ho 2004; Lee 2011; Li2011;
Plontke 2009; Wu 2011; Xenellis 2006; Zhou 2011). The type of initial
(primary) treatment that participants had received varied, with
three studies using intravenous steroids (Plontke 2009; Xenellis
2006; Zhou 2011), three studies using a 10- to 14-day course of oral
steroids (Ho 2004; Lee 2011; Li 2011), and one study using an initial
dose of intravenous steroids, followed by a tapered oral dose (Wu
2011). One study did not describe the primary therapy that had
been used (Chang 2010).

Most studies that considered secondary treatment compared
intratympanic steroids to either no treatment (Chang 2010; Ho
2004; Lee 2011; Li 2011; Xenellis 2006), or to placebo (Plontke 2009;
Wu 2011). A single study compared intratympanic plus systemic
corticosteroids to systemic corticosteroids alone (Zhou 2011).

The nature of the intratympanic injection varied between
studies. Most studies used an intratympanic delivery of either
dexamethasone or methylprednisolone, administered as a short
course of three to four injections, typically over 7 to 14 days.
Two studies used notably different methods of administration. One
involved daily injections for 10 days, followed by alternate day
injections for a further 20 days and ongoing injections twice a week
for five months (Kosyakov 2011). One further study used a catheter
to provide continuous infusion of dexamethasone over 14 days,
rather than intermittent injections (Plontke 2009). In one study the
duration of systemic treatment (15 days) was much shorter than
that of the intratympanic treatment (six months) (Kosyakov 2011).

Outcomes

Duration of follow-up varied across the studies. Four studies
followed participants for 15 days or less (Arastou 2013; Arslan
2011; Plontke 2009; Qu 2015). Six studies followed participants for
between 16 and 30 days (Ashtiani 2018; Chang 2010; Gundogan
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2013; Lim 2013; Peng 2008; Wu 2011). The remaining studies
followed participants for over one month, with a range of 38
days (Tong 2021) to 204 days (Dispenza 2011). Huang 2021
followed participants for 90 days, but we extracted data for
change in hearing thresholds from an interim analysis at 12 days
because the comparison of interest (intratympanic versus systemic
corticosteroid) was administered only up to that point in time. All
other outcome data were reported at the longest follow-up point
for each study, except instances where there was very high dropout
at the final time point (as described in Included studies).

Change in hearing threshold with pure tone audiometry (pure tone
average)

Most studies assessed hearing thresholds with a pure tone average
based on four frequencies, either 0.5 kHz, 1 kHz, 2 kHz or 4 kHz
(Al-Shehri 2015; Arslan 2011; Choi 2011; Dispenza 2011; Kosyakov
2011; Li 2011; Peng 2008; Rauch 2011; Swachia 2016; Tsounis
2018; Wu 2011; Xenellis 2006; Zhou 2011), or 0.5 kHz, 1 kHz, 2
kHz and 3 kHz (Ahn 2008; Gundogan 2013; Hong 2009; Lee 2011;
Lim 2013; Plontke 2009). Two studies used the average of three
frequencies (0.5 kHz, 1 kHz, 2 kHz, Battaglia 2008; Ermutlu 2017),
two studies used five frequencies (0.25 kHz, 0.5 kHz, 1 kHz, 2 kHz
and 4kHz) (Arastou 2013; Ashtiani 2018), and four studies used six or
more frequencies (Chang 2010; Ho 2004; Koltsidopoulos 2013; Tong
2021). Two studies did not describe the frequencies used (Qu 2015;
Rupasinghe 2017).

Proportion of patients whose hearing is improved

We included data for this outcome regardless of the definition
of 'improvement' used in the individual studies. However, this
definition was not consistent across the different studies. Anumber
of studies used the criterion of a specific change in hearing
threshold to identify those who had improved. This was typically a
change of at least 10 dB (Arslan 2011; Dispenza 2011; Ho 2004; Lee
2011;Li 2011; Lim 2013; Rauch 2011; Swachia 2016; Tong 2021; Wu
2011; Xenellis 2006), or 15 dB (Arastou 2013; Kosyakov 2011; Peng
2008; Qu 2015; Tsounis 2018; Zhou 2011), over the follow-up period.
Four studies used Siegel's criteria to assess improvement (Siegel
1975), where 'any' improvement is considered to be > 15 dB change
in hearing threshold and final hearing threshold = 75 dB (Ahn 2008;
Choi 2011; Gundogan 2013; Hong 2009). Four studies considered
both the change in hearing threshold and improvement in word
recognition scores (WRS) or speech discrimination scores (SDS)
when assessing improvement: Ashtiani 2018 (> 10 dB decrease
in PTA or > 15% improvement in SDS), Battaglia 2008 (> 15
dB decrease in PTA or > 25% improvement in SDS), Ermutlu
2017 (> 10 dB decrease in PTA or > 10% improvement in WRS)
and Koltsidopoulos 2013 (> 10 dB decrease in PTA and 15%
improvement in SDS). One study used a decrease of > 30 dB in
PTA, or an assessment of recovery to 50% of maximum possible (as
compared to the unaffected ear) to indicate improvement (Plontke
2009). One study reported on improvement in hearing, but did not
describe the criteria (Rupasinghe 2017). Two studies did not assess
improvement (Al-Shehri 2015; Chang 2010).

Final hearing threshold with pure tone audiometry

Frequencies used to assess this outcome were identical to those
used for change in hearing threshold (see above).

Change in hearing threshold with speech audiometry

This outcome was only reported by a small number of studies,
and was assessed with a variety of instruments, including speech
discrimination scores, speech reception thresholds and word
recognition scores. Considering the different metrics used to
measure this outcome, and a concern that assessment conducted
in different languages may not be directly comparable, we did
not conduct any meta-analyses. Six studies reported changes from
baseline or final values for speech discrimination score (Ashtiani
2018; Battaglia 2008; Gundogan 2013; Koltsidopoulos 2013; Plontke
2009; Zhou 2011). Two studies reported changes from baseline in
speech reception threshold (Ashtiani 2018; Plontke 2009), and one
study reported change from baseline in the word recognition score
(Rauch 2011).

Frequency-specific changes with pure tone audiometry

Again, few studies reported on frequency-specific changes with
pure tone audiometry. There was also inconsistency in the
frequencies that were assessed, and some studies presented
pooled data across a small number of frequencies (low, mid and
high), rather than reporting individual frequencies. Therefore we
did not conduct any meta-analyses for this outcome. The only
studies assessing this were: Ahn 2008; Arslan 2011; Dispenza 2011;
Gundogan 2013; Hong 2009; Huang 2021; Kosyakov 2011 Lee 2011;
Lim 2013 and Tong 2021.

Mean level of improvement in those whose hearing is improved

This outcome was not assessed or reported by any of the included
studies.

Percentage of patients reaching serviceable hearing (for those with
profound pre-treatment hearing loss)

This outcome was not assessed or reported by any of the included
studies.

Effect on tinnitus and vertigo

This outcome was not assessed or reported by any of the included
studies. Some studies reported on tinnitus and vertigo, but as
adverse effects of the intervention, rather than assessing whether
theintervention may have a beneficial effect on existing symptoms.

Minor and serious adverse effects

As described in Data synthesis, the adverse effects reported by
the individual studies were wide-ranging. The only adverse effects
that were consistently reported across a large number of studies
were those directly related to intratympanic injection (including
persistent tympanic membrane perforation, pain or dizziness/
vertigo at the time of the injection). However, as these events
were clearly related to the intratympanic injection, and would not
occur if participants received no treatment or systemic steroids,
we considered it inappropriate to report a risk ratio comparing
the intervention and comparator groups. Instead we have reported
the rate of these complications for those individuals who received
intratympanic injections. Specific details on other adverse events
are included in the Effects of interventions and Table 1; Table 2;
Table 3 and Table 4.

Excluded studies

See Characteristics of excluded studies.
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Five randomised controlled trials compared the efficacy
of intratympanic corticosteroid therapy in combination with
hyperbaric oxygen therapy (HBO) (Attanasio 2015; Cho 2018; Gui-li
2018; Sevil 2016; Zhou 2006), and one study used HBO treatment
as a comparator (Cvorovic 2013). Since data suggest that HBO itself
might have an effect on hearing recovery (Bennett 2012), and since
the addition of HBO was not part of the interventions to be studied
in this review (see methods), we excluded these studies.

Amizadeh 2021 compared combined corticosteroid treatment and
systemic corticosteroid treatment as primary intervention. The
study was excluded because the route of administration and
dosage of systemic corticosteroid differed between groups.

The study Rogha 2017 and the trial registration NCT04766853
compared corticosteroid treatment by intratympanic injection of
dexamethasone with intratympanic injection of dexamethasone
mixed with hyaluronic acid. This type of comparison was not part
of the review.

Chang 2020 compared intratympanic corticosteroid treatment with
ear drop corticosteroid treatment as a primary intervention. This
type of comparison was not part of the review.

Han 2021 compared intratympanic injection of corticosteroid
versus corticosteroid administered via endoscopic tympanoplasty.
This type of comparison was not part of the review.

We excluded the randomised controlled studies Berjis 2016 and Sun
2016 because two intratympanic treatment protocols using two
differentintratympanically applied corticosteroids were compared.
This type of comparison was not part of the review.

We excluded Li 2016 because it compared intratympanic
corticosteroid treatment with intratympanic corticosteroid plus
mouse nerve growth factor treatment. This type of comparison was
not part of the review.

Song 2018 compared intratympanic corticosteroid treatment with
postauricular injection of corticosteroid as primary Intervention.
This type of comparison was not part of the review.

Inthe study Park 2011, two methods of combination (intratympanic
and systemic) therapy were compared. In the simultaneous
intratympanic dexamethasone group, local drug application
was given initially (as primary therapy for ISSNHL) with
systemic steroids (intravenous dexamethasone followed by
oral prednisolone). In the other "subsequent intratympanic
dexamethasone group", intratympanic dexamethasone was given
seven days after systemic treatment. There was no control group for
the intratympanic salvage situation without local application. This
type of comparison was not part of the review.

Filipo 2013 compared intratympanic corticosteroid treatment with
intratympanic placebo as a primary intervention. The study
endpoint was seven days after the start of treatment. Studies with
a study endpoint of seven days or less after start of treatment were
excluded from the review.

Choo 2017 compared intratympanic corticosteroid treatment, oral
corticosteroid treatment and combined corticosteroid treatment as
aprimary intervention separated by low- or high-frequency hearing
loss. Acomparison of hearing improvementin ISSNHL patients with
low- and high-frequency hearing loss was not part of the review.

We excluded Chen 2015 because the comparison group in this study
included a mixture of patients receiving treatments with systemic
steroids or systemic steroids plus intratympanic steroids.

We excluded Diao 2012 because the study population included
a high proportion of patients with bilateral sudden hearing loss
that raises doubt about whether they represented people with
ISSNHL. Further, the unit of analysis in this study was ears instead
of participants, as is used in this review.

Ongoing studies

Wang 2021 is a non-blinded, parallel-group randomised controlled
trial that is being carried out in China, from October 2020.
It compares nine intratympanic injections of dexamethasone
over 14 days with daily oral prednisolone over 14 days for
the primary treatment of ISSNHL. Pure tone thresholds, speech
recognition, vestibular evoked myogenic potentials (VEMPs),
Dizziness Handicap Inventory (DHI) and Tinnitus Handicap
Inventory (THI) will be measured before treatment and one month
after termination of treatment.

The study Yang 2020 is a non-blinded, parallel-group, randomised
superiority trial that is being carried out in China, from
January 2018. It compares four intratympanic injections of
methylprednisolone over one week with daily intravenous
methylprednisolone over five days for the primary treatment of
ISSNHL in patients with diabetes mellitus. Pure tone thresholds will
be measured before treatment and one month after termination
of treatment. Secondary outcome measures will include the pure
tone average at three months after treatment and blood glucose
changes during treatment.

Risk of bias in included studies

We deemed therisk of bias to be generally rather high in most of the
included studies. We assigned only four of the 30 included studies
an overall low risk of bias (Plontke 2009; Rauch 2011; Tsounis 2018;
Wu 2011). An overview of the risk of bias for each included study is
provided in Figure 2. Figure 3 presents the proportion of each risk
of bias domain that we found to be high risk/low risk/unclear risk
across the whole review.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 2. (Continued)
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Randomisation was adequate in nine studies (Arastou 2013;
Ashtiani 2018; Gundogan 2013; Kosyakov 2011; Plontke 2009;
Qu 2015; Tsounis 2018; Rauch 2011; Wu 2011). Ahn 2008 also
used computerised random allocation, but patients who refused
the allocated therapy were excluded. Twelve studies stated that
they were randomised without details concerning the methods of
randomisation (Al-Shehri 2015; Battaglia 2008; Chang 2010; Choi
2011; Dispenza 2011; Ermutlu 2017; Ho 2004; Hong 2009; Lee
2011; Li 2011; Swachia 2016; Xenellis 2006). Eight studies used
inadequate randomisation methods (randomisation according to
sequence of admission or actual date) (Arslan 2011; Huang 2021,
Koltsidopoulos 2013; Lim 2013; Peng 2008; Rupasinghe 2017; Tong
2021; Zhou 2011).

Allocation concealment was adequate in only five studies (Ashtiani
2018; Plontke 2009; Rauch 2011; Tsounis 2018; Wu 2011).
The other studies reported either an inadequate method of
concealment or it was not mentioned at all. In studies that used
sequence of admission or actual date for randomisation adequate
allocation concealment is not possible (Arslan 2011; Huang 2021;
Koltsidopoulos 2013; Lim 2013; Peng 2008; Rupasinghe 2017; Tong
2021; Zhou 2011).

Blinding

Only four studies used placebo therapy with blinding of
participants and personnel during their trials (Ashtiani 2018;

Battaglia 2008; Plontke 2009; Wu 2011). Twenty-six studies were not
placebo-controlled. In one, it was explicitly stated that participants
and personnel were not blinded (Tsounis 2018); in the others we
assumed that neither were blinded. We judged the risk of bias in
non-placebo-controlled studies to be generally 'low' assuming that
the outcomes were not influenced by open administration of study
therapy. In two studies patients in the intratympanic treatment
group could refuse the therapy after allocation, so we deemed the
risk of bias to be high (Ahn 2008; Zhou 2011).

In 13 studies, we considered the risk of detection bias to be low
because they were either placebo-controlled, or there was blinding
of outcome assessment (Al-Shehri 2015; Arastou 2013; Ashtiani
2018; Battaglia 2008; Hong 2009; Koltsidopoulos 2013; Kosyakov
2011;Lim 2013; Rauch 2011; Plontke 2009; Tong 2021; Tsounis 2018;
Wu 2011). Seventeen studies gave no information on blinding of
outcome assessment and the risk of bias was unclear.

Incomplete outcome data

Fourteen studies reported results for all randomised participants.
The study Rauch 2011 reported a low dropout rate below 5%.
We classified six studies as high risk of bias because the dropout
rate was higher than 10% (Ashtiani 2018; Battaglia 2008; Ermutlu
2017;Hong2009; Rupasinghe 2017; Tsounis 2018), and we classified
three studies as high risk because dropouts were not balanced
across treatment arms (Dispenza 2011) or were related to the
therapy (Wu 2011; Zhou 2011). The studies Huang 2021, Gundogan
2013, Plontke 2009 and Tong 2021 reported a moderate rate of
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dropout (5% to 10%) but it was balanced across treatment arms.
Ahn 2008 and Chang 2010 gave insufficient information to permit
judgement as they did not report the number of participants that
were analysed.

Selective reporting

Twenty-one studies specified and reported the main outcome
measures (Ahn 2008; Al-Shehri 2015; Arslan 2011; Ashtiani 2018;
Chang 2010; Ermutlu 2017; Gundogan 2013; Hong 2009; Huang
2021; Kosyakov 2011; Li 2011; Lim 2013; Peng 2008; Plontke 2009;
Qu 2015; Rauch 2011; Swachia 2016; Tong 2021; Tsounis 2018; Wu
2011; Xenellis 2006). There was no indication of selective reporting
in these studies. Four studies failed to report the standard deviation
for change in hearing threshold (Arastou 2013; Battaglia 2008;
Choi 2011; Lee 2011). Some studies included several follow-up
time points but results were only shown for the last time point
(Choi 2011; Dispenza 2011; Ho 2004; Lee 2011; Zhou 2011). In
two studies contradictions were present between pre-specified
outcome parameters in the methods section and the presented
outcomes in the results: in Koltsidopoulos 2013 a 7PTA was defined
as the primary outcome parameter but the reported hearing loss
before treatment and hearing improvement were both based on
a 4PTA. In the study Tong 2021, a decrease in PTA of > 30 dB HL
was a criterion for successful treatment, but a > 10 dB HL decrease
was actually used. In Rupasinghe 2017, the criteria for hearing
improvement were not reported.

Other potential sources of bias

A common source of bias was imbalance between groups for a
number of factors: there were often unexplained differences in
the number of participants in each group (Arastou 2013; Arslan
2011; Choi 2011; Lee 2011; Li 2011; Qu 2015; Swachia 2016),
and differences between groups in the delay before commencing
treatment (Battaglia 2008; Dispenza 2011; Lim 2013; Rupasinghe
2017; Xenellis 2006). In two studies there was a difference between
groups in the length of treatment (Kosyakov 2011; Peng 2008). In
one study, follow-up was longer in the intervention group than
in the comparator group (Lim 2013). Only the studies Ashtiani
2018, Koltsidopoulos 2013, Lim 2013, Plontke 2009 and Tsounis
2018 performed a sample size determination. Other studies either
did not do so (Ahn 2008; Al-Shehri 2015; Arastou 2013; Arslan 2011,
Chang 2010; Choi 2011; Dispenza 2011; Ermutlu 2017; Gundogan
2013; Ho 2004; Hong 2009; Huang 2021; Kosyakov 2011; Lee 2011,
Li 2011; Peng 2008; Qu 2015; Rupasinghe 2017; Swachia 2016;
Tong 2021; Wu 2011; Xenellis 2006; Zhou 2011), or terminated
recruitment before reaching a sufficient number of participants
based on sample size calculation (Battaglia 2008). In consequence,
the number of included participants per treatment arm was small
in most studies. Studies without sample size determination are
prone to type Il errors. This is not discussed in any of these studies.
Small study populations are also prone to imbalances between
treatmentarmsin terms of potential confounding factors, including
the propensity in some patients with ISSNHL towards spontaneous
hearing recovery.

A broad range of delay between the onset of symptoms and the
start of treatment was evident in some studies (Arastou 2013; Arslan
2011; Battaglia 2008; Peng 2008; Xenellis 2006). Treatment delay is
recognised as one of the main factors that influences the observed
hearing improvement (Liebau 2017). When there is a small number
of participants per group, studies may differ in this respect

across treatment arms. As noted above, a noticeable difference in
treatment delay was evidentin a number of studies (Battaglia 2008;
Dispenza 2011; Lim 2013; Rupasinghe 2017; Xenellis 2006). This
could have influenced the reported difference in outcome between
treatment arms.

The main baseline parameter that influences the observed hearing
improvement is the level of hearing loss of the patient at the
beginning of the observation period (Liebau 2017). Although a
balanced hearing loss before treatment between intervention
arms is extremely important, in two studies hearing loss before
treatment differed by more than 10 dB HL across groups (Choi 2011;
Dispenza 2011). The differences in hearing loss before treatment
between the intervention arms may have influenced the reported
difference in outcome.

Many studies did not report the baseline characteristics of their
treatment arms, or reported them inadequately. In 13 studies the
treatment delay in each treatment arm was not reported (Al-Shehri
2015; Ashtiani 2018; Chang 2010; Ho 2004; Kosyakov 2011; Lee
2011; Li 2011; Qu 2015; Rupasinghe 2017; Swachia 2016; Wu 2011,
Xenellis 2006; Zhou 2011), or a standard deviation is missing in that
parameter (Dispenza 2011; Hong 2009). In the study Rupasinghe
2017, the hearing thresholds before treatment in participants per
group are not reported and Dispenza 2011 omitted the standard
deviation for that parameter. The studies Zhou 2011 and Ho
2004 reported the mean hearing loss before treatment in the
intervention group but not in the control group.

The studies Arslan 2011, Plontke 2009, Qu 2015 and Zhou
2011 conducted a very short follow-up (two weeks or less),
which could result in a bias in the estimation of treatment
effects. In Huang 2021, the comparison of interest for this review
(intratympanic corticosteroid versus systemic corticosteroid) was
observed for only 12 days from the start of treatment, the
comparator group receiving systemic treatment then switching
to intratympanic corticosteroid. As noted above, in Lim 2013 the
duration of follow-up was longer in the intervention group in
comparison to the control group (21 versus 17 days). This could
underestimate the treatment effect in the control group. In Peng
2008, the duration of treatment differed between treatment arms
(17 versus 27 days). This was also true of Kosyakov 2011 (six
months versus 15 days). In each case, the discrepancy in the
duration of treatment could bias the estimate of effect. Rupasinghe
2017 included patients with very mild hearing loss (> 10 dB
HL) and Kosyakov 2011 included only mild cases of ISSNHL. By
contrast, Zhou 2011 included only patients with poor prognosis
(see the inclusion criteria of the study for details). All three studies
risk bias due to selection of the study population. In Xenellis 2006,
the omission of overall hearing improvement in the control group
is unlike the other studies but is not discussed by the authors.

Effects of interventions

See: Summary of findings 1 Intratympanic corticosteroids
versus systemic corticosteroids as primary therapy; Summary of
findings 2 Intratympanic plus systemic corticosteroids (combined
therapy) versus systemic corticosteroids alone as primary therapy;
Summary of findings 3 Intratympanic corticosteroids versus no
treatment or versus placebo as secondary therapy; Summary of
findings 4 Intratympanic plus systemic corticosteroids (combined
therapy) versus systemic corticosteroids alone as secondary
therapy
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Intratympanic corticosteroids versus no treatment or versus
placebo as primary therapy

No study compared the effects of intratympanic corticosteroids
versus no treatment or placebo on hearing improvement for
primary therapy of ISSNHL.

Intratympanic corticosteroids versus systemic corticosteroids
as primary therapy

Sixteen studies compared the efficacy of a primary intratympanic
corticosteroid treatment with systemic corticosteroid treatment
(Al-Shehri 2015; Ashtiani 2018; Battaglia 2008; Dispenza 2011;
Ermutlu 2017; Hong 2009; Huang 2021; Kosyakov 2011; Lim 2013;
Peng 2008; Qu 2015; Rauch 2011; Rupasinghe 2017; Swachia 2016;
Tong 2021; Tsounis 2018).

Change in hearing threshold with pure tone audiometry (pure
tone average)

Ten studies (701 participants) were included in the meta-
analysis. Battaglia 2008 could not be included as no variance
was reported. The mean change in PTA between baseline and
17 to 182 days (range) after start of therapy in participants with
intratympanic therapy was -5.93 dB (95% confidence interval (Cl)
-7.61 to -4.26; 701 participants; 10 studies; 12 = 80%; low-certainty
evidence) (Analysis 1.1). The point estimate of effect did not
exceed the minimally important difference of -10 dB, however.
Primary intratympanic therapy may result, therefore, in little to no
improvement in hearing threshold compared to systemic steroids.

Although we noted high heterogeneity, we considered this unlikely
to affect the conclusion of the analysis, as most studies resulted
in an estimated effect size that was of borderline clinical
significance (did not exceed the minimally important difference).
Rauch 2011 and Tsounis 2018 were included in the pre-planned
sensitivity analysis. These two studies (319 participants) found
that the mean change of PTA in participants with intratympanic
treatment was lower compared with the systemic treatment
group but did not exceed the minimally important difference
of 10 dB (mean difference (MD) 2.00, 95% Cl -2.79 to 6.79; 319
participants; 2 studies; 12 = 0%). The sensitivity analysis therefore
confirmed the result from our primary analysis. As the treatment
regime for Kosyakov 2011 was extremely different from all other
studies (six months of intratympanic corticosteroid), and as the
duration of treatment differed so markedly between treatment
arms (the comparator group receiving only 15 days of systemic
corticosteroid), we conducted an additional sensitivity analysis to
investigate the degree to which excluding this study would impact
the pooled estimate. After its exclusion, the pooled mean difference
again only indicated a trivial effect in favour of intratympanic
therapy (MD -2.81, 95% Cl -4.49 to -0.66; 651 participants; 9 studies;
12 =67%); low-certainty evidence). We concluded that the inclusion
of this study in the meta-analysis did not affect the pooled effect
estimate to any serious degree.

Proportion of patients whose hearing is improved

Fourteen studies (972 participants) were included in the meta-
analysis. In one study there was high (35.1%) loss to follow-up at the
final (three-month) assessment (Rupasinghe 2017). We therefore
extracted outcome data from the penultimate assessment at
one month. A slightly higher proportion of participants with
intratympanic therapy had improved hearing at 10 to 182 days

(range) after the start of treatment compared with the systemic
treatment group. The point estimate of effect did not, however,
exceed the minimally important difference of 25% and the 95%
confidence interval included no difference between groups (risk
ratio (RR) 1.04, 95% Cl 0.97 to 1.12; 972 participants; 14 studies;
12 = 16%) (Analysis 1.2). Primary intratympanic therapy, therefore,
probably results in little to no difference in the proportion
of patients whose hearing is improved compared to systemic
corticosteroids.

The studies Ashtiani 2018, Rauch 2011 and Tsounis 2018 were
included in the sensitivity analysis. The three studies (396
participants) found that fewer participants with intratympanic
treatment had improvement of hearing compared with the
systemic treatment group but the difference did not exceed the
minimally important difference of 25% (RR 0.96, 95% Cl 0.86 to
1.07; 396 participants; 3 studies; 12 = 16%). The sensitivity analysis
therefore confirmed the result from our primary analysis.

Final hearing threshold with pure tone audiometry (pure tone
average)

Seven studies (516 participants) were included in the meta-
analysis. The study Tsounis 2018 could not be included as no
variance was reported. The final PTA at 17 to 183 days (range) after
the start of therapy in participants with intratympanic therapy was
lower (better) compared with the systemic treatment group. The
point estimate of effect did not, however, exceed the minimally
important difference of 10 dB HL (MD -3.31, 95% CI -6.16 to
-0.47; 516 participants; 7 studies; 12 = 41%; low-certainty evidence)
(Analysis 1.3). Primary intratympanic therapy may result, therefore,
in little to no difference in the final hearing threshold compared to
systemic corticosteroids. The study Rauch 2011 was included in the
sensitivity analysis and confirmed this result (MD 1.60, 95% CI -5.75
to 8.95; 250 participants; 1 study).

Change in hearing threshold with speech audiometry

Only one study reported on the change in hearing threshold
with speech audiometry (Ashtiani 2018). The speech reception
threshold may be lower (better) in the group who received
intratympanic corticosteroids compared to those who received
systemic corticosteroids, although the confidence interval crosses
unity (MD -8.85 dB, 95% Cl -19.58 to 1.88; 98 participants; 1 study)
(Analysis 1.4).

Three further studies used methods other than hearing threshold
to assess speech audiometry (Ashtiani 2018; Battaglia 2008; Rauch
2011). These studies reported on the change in speech recognition
or discrimination, using either a speech discrimination score
(SDS) or a word recognition score (WRS). Although these did not
relate to our pre-specified outcome (change in hearing threshold
with speech audiometry) we considered that they were assessing
the same underlying outcome (speech audiometry), therefore
we have included them for completeness. Due to the different
assessment tools used, inconsistency in terminology (making it
unclear whether measures were comparable), and the different
languages in which these were conducted, we considered that it
was not appropriate to pool the data. The results of these additional
measures are presented in Analysis 1.5.

The study Ermutlu 2017 performed speech audiometry (speech
recognition threshold, word recognition score) but did not report
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results separately for these tests - they were instead reported as
part of a composite outcome for 'recovery'. Therefore this study was
not included for this outcome.

Frequency-specific changes with pure tone audiometry

Five studies reported on frequency-specific changes with pure tone
audiometry (Dispenza 2011; Hong 2009; Huang 2021; Lim 2013;
Tong2021). Due to the different frequencies assessed in the studies,
and heterogeneity in the effect estimates where studies did assess
the same frequency, we did not meta-analyse these data. Instead
the results from each study are shown in Analysis 1.6.

Mean level of improvement, in those whose hearing is improved

This outcome was not reported by any of the included studies.

Percentage of patients reaching serviceable hearing

This outcome was not reported by any of the included studies.

Effect on tinnitus and vertigo

This outcome was not reported by any of the included studies.

Minor and serious adverse events

For this comparison, 12 studies provided information about
adverse events (Al-Shehri 2015; Dispenza 2011; Ermutlu 2017;
Hong 2009; Huang 2021; Kosyakov 2011; Qu 2015; Rauch 2011;
Rupasinghe 2017; Swachia 2016; Tong 2021; Tsounis 2018). In four
studies, reporting was incomplete, either because a rate was not
provided for both randomised groups (Kosyakov 2011; Swachia
2016), or because it was unclear in which group (or groups) events
were observed (Qu 2015; Tsounis 2018). In one additional study
adverse event data were not reported specifically for the period
of follow-up during which the allocated interventions matched the
comparison of interest for this review (Huang 2021). Despite these
limitations in the reporting of adverse events, meta-analysis was
possible for some adverse event outcomes (Analysis 1.7).

Persistent tympanic membrane perforation

Four studies reported a rate of tympanic membrane perforation
of between 0% (0/30) and 3.9% (5/129) for those who
received an intratympanic corticosteroid injection (Huang 2021;
Kosyakov 2011; Rauch 2011; Tong 2021). Note that in one
study both groups received intratympanic injection: one group
received intratympanic corticosteroid, and the other received
intravenous followed by intratympanic corticosteroid (Huang
2021). We concluded that the evidence is very uncertain regarding
the risk of tympanic membrane perforation for those who
received intratympanic corticosteroid as primary treatment (463
participants; 4 studies; very low-certainty evidence).

Vertigo/dizziness, timing not reported

A single study provided a comparison between intratympanic and
systemic corticosteroid, resulting in a risk ratio of 2.53 (95% Cl 1.41
to4.54) (Rauch 2011). Itis not specified whether all of the patientsin
the intratympanic corticosteroid group experiencing vertigo did so
at the time of injection. We concluded that intratympanic therapy
may increase the risk of vertigo/dizziness of unspecified timing as
compared to systemic corticosteroid (250 participants; 1 study; low-
certainty evidence).

Vertigo/dizziness at the time of intratympanic injection

Four studies reported a rate of vertigo/dizziness of between 1.5%
(1/67) and 21% (4/19) for those who received an intratympanic
injection (Ermutlu 2017; Huang 2021; Tong 2021; Tsounis 2018).
We have included in this analysis all participants who received
an intratympanic injection in these studies. For two studies,
this included participants in another treatment arm. In Huang
2021, participants in the control arm also received intratympanic
injection at a later point in the trial. In Tsounis 2018, data
were reported for participants who received intratympanic
corticosteroids alone, and combined therapy with intratympanic
corticosteroids and systemic corticosteroids. We concluded that
theevidenceisvery uncertain regarding therisk of vertigo/dizziness
at the time of intratympanic corticosteroid treatment as primary
therapy (301 participants; 4 studies; very low-certainty evidence).

Ear pain, timing not reported

Two studies contributed data to a meta-analysis (Al-Shehri 2015;
Rauch 2011). The risk ratio was 15.68 (95% Cl 6.22 to 39.49),
favouring systemic corticosteroid. In each study, the number
of participants with ear pain/earache was presented separately
from the numbers with ear pain at intratympanic injection.
It was assumed, therefore, that those participants with pain
at injection were not included among those with ear pain/
earache. We concluded that intratympanic corticosteroid injection
probably increases the risk of ear pain as compared to systemic
corticosteroid when used as primary treatment (289 participants; 2
studies; moderate-certainty evidence).

Ear pain at the time of injection

Three studies reported a rate of ear pain from 4.8% (5/104) to 27.1%
(35/129) (Al-Shehri 2015; Huang 2021; Rauch 2011). In Al-Shehri
2015 and Rauch 2011, the number of participants with ear pain/
earache was presented separately from the numbers with ear pain
at intratympanic injection. It was assumed, therefore, that those
participants with pain at injection were not included among those
with ear pain/earache. The evidence suggests that there is a risk
of ear pain at the time of intratympanic injection of corticosteroid
as primary treatment (393 participants; 3 studies; low-certainty
evidence).

Mood change

Two studies contributed data to a meta-analysis (Al-Shehri 2015;
Rauch 2011). The risk ratio was 0.22 (95% Cl 0.13 to 0.37), favouring
intratympanic corticosteroid. We concluded that intratympanic
corticosteroid likely results in a large reduction in risk compared
to systemic corticosteroids (289 participants; 2 studies; moderate-
certainty evidence).

Blood glucose problems

Two studies contributed data to a meta-analysis (Al-Shehri 2015;
Rauch 2011). The risk ratio was 0.54 (95% CI 0.35 to 0.85), favouring
intratympanic corticosteroid. We concluded that intratympanic
corticosteroid may result in a reduction in risk compared to
systemic corticosteroid (289 participants; 2 studies; low-certainty
evidence).

Sleep change

Two studies contributed data to a meta-analysis (Al-Shehri 2015;
Rauch 2011). The risk ratio was 0.19 (95% CI 0.10 to 0.36), favouring
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intratympanic corticosteroid. We concluded that intratympanic
corticosteroid likely results in a large reduction in risk compared
to systemic corticosteroid (289 participants; 2 studies; moderate-
certainty evidence).

Appetite change

Two studies contributed data to a meta-analysis (Al-Shehri 2015;
Rauch 2011). The risk ratio was 0.20 (95% CI 0.09 to 0.44), favouring
intratympanic corticosteroid. We concluded that intratympanic
corticosteroid likely results in a large reduction in risk compared
to systemic corticosteroid (289 participants; 2 studies; moderate-
certainty evidence).

Weight change

Two studies contributed data to a meta-analysis (Al-Shehri 2015;
Rauch 2011). The risk ratio was 0.28 (95% CI 0.13 to 0.61), favouring
intratympanic corticosteroid. We concluded that intratympanic
corticosteroid likely results in a large reduction in risk compared
to systemic corticosteroid (289 participants; 2 studies; moderate-
certainty evidence).

Dry mouth

Two studies contributed data to a meta-analysis (Al-Shehri
2015; Rauch 2011). The risk ratio was 0.15 (95% CI 0.06 to
0.35), favouring intratympanic corticosteroid. We concluded that
intratympanic corticosteroid likely results in a large reduction in
risk compared with systemic corticosteroids (289 participants; 2
studies; moderate-certainty evidence).

Otitis media

Onestudy reported a rate for each group (Rauch 2011). Therisk ratio
was 3.28 (95% CI 0.70 to 15.49), favouring systemic corticosteroid.
We concluded that intratympanic corticosteroid may result in a
large increase in risk compared to systemic corticosteroid (250
participants; 1 study; low-certainty evidence).

Table 1 provides details of the more limited data on other reported
adverse events.

Intratympanic plus systemic corticosteroids (combined
therapy) versus no treatment or versus placebo as primary
therapy

No study compared the effects of intratympanic corticosteroids
plus systemic corticosteroids (combined therapy) versus no
treatment or versus placebo on hearing improvement for primary
therapy of ISSNHL.

Intratympanic plus systemic corticosteroids (combined
therapy) versus systemic corticosteroids alone as primary
therapy

Ten studies compared the efficacy of a primary combined therapy
with a systemic corticosteroid therapy (Ahn 2008; Arastou 2013;
Arslan 2011; Ashtiani 2018; Battaglia 2008; Choi 2011; Gundogan
2013; Koltsidopoulos 2013; Lim 2013; Tsounis 2018). Three of our
secondary outcome measures were not reported by any of the
included studies.

Change in hearing threshold with pure tone audiometry (pure
tone average)

Six studies (435 participants) were included in the meta-analysis.
The study Battaglia 2008 could not be included as no variance was
reported. The mean change in PTA between baseline and 15 to 91
days (range) after start of therapy improved more in participants
with combined therapy. The point estimate of effect did not exceed
the minimally important difference of -10 dB (MD -8.55, 95% ClI
-12.48 to -4.61; 435 participants; 6 studies; 12 = 32%; low-certainty
evidence) (Analysis 2.1). Primary combined therapy may result,
therefore, in a slight improvement in hearing threshold compared
to systemic corticosteroids alone, but it is not certain whether
the extent of improvement would be meaningful to people with
ISSNHL. The study Tsounis 2018 was included in the sensitivity
analysis and confirmed this result (MD 0.80, 95% CI -8.41 to 10.01;
68 participants; 1 study).

Proportion of patients whose hearing is improved

Ten studies (788 participants) were included in the meta-analysis.
A higher proportion of participants with combined therapy had
improvement of hearing at 15 to 91 days (range) after start of
treatment. The point estimate of effect exceeded the minimally
important difference of 25% (RR 1.27, 95% CI 1.15 to 1.41; 788
participants; 10 studies; 12 = 47%) (Analysis 2.2). Primary combined
therapy may, therefore, increase the proportion of patients whose
hearing is improved compared to systemic corticosteroids alone
(low-certainty evidence). The studies Ashtiani 2018 and Tsounis
2018 were included in the sensitivity analysis and found that more
participants with combined therapy had improvement of hearing
but this did not exceed the minimally important difference of 25%
(RR 1.08, 95% Cl 0.88 to 1.33; 148 participants; 2 studies; |12 = 0%).

Final hearing threshold with pure tone audiometry (pure tone
average)

Three studies (194 participants) were included in the meta-analysis.
The studies Arastou 2013 and Tsounis 2018 could not be included
since no variance was reported. The final PTA at 15 to 56 days
(range) after start of therapy in participants with combined therapy
was lower (more favourable) when compared with the systemic
treatment group but the point estimate of effect did not exceed
the minimally important difference of -10 dB (MD -9.11, 95% ClI
-1.67 to -16.56; 194 participants; 3 studies; 12 = 35%; very low-
certainty evidence) (Analysis 2.3). Primary combined therapy may
result, therefore, in slightly lower (better) final hearing thresholds
compared to systemic corticosteroids alone, but the evidence
is very uncertain. No eligible studies could be identified for a
sensitivity analysis.

Change in hearing threshold with speech audiometry

One study reported on the change in speech recognition threshold
(Ashtiani 2018). The speech reception threshold may be lower
(better) in the group who received combination treatment
compared to those who received systemic corticosteroids,
although the confidence interval crosses unity (mean difference
-7.59 dB; 95% CI -20.22 to 5.04; 98 participants; 1 study) (Analysis
2.4).

Four studies reported on alternative measures of speech
audiometry (Ashtiani 2018; Battaglia 2008; Gundogan 2013;
Koltsidopoulos 2013). The results of these additional measures are
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presented in Analysis 2.5. All had an effect direction that favoured
combined treatment. Koltsidopoulos 2013 reported on the change
in speech discrimination score using medians and an interquartile
range, therefore these data are not portrayed in Analysis 2.5. The
authors reported that the results favoured combined therapy, but
the difference was not statistically significant (median change in
combined group 32% (interquartile range (IQR) 8.5 to 60.5%),
median change in systemic group 18% (IQR 2.0 to 50.5%)).

Frequency-specific changes with pure tone audiometry

Four studies assessed changes in hearing level at specific
frequencies (Ahn 2008; Arslan 2011; Gundogan 2013; Lim 2013).
Due to the different frequencies assessed in the studies, and
heterogeneity in the effect estimates where studies did assess the
same frequency, we did not meta-analyse these data. Instead the
results from each study are shown in Analysis 2.6.

Mean level of improvement, in those whose hearing is improved

This outcome was not reported by any of the included studies.

Percentage of patients reaching serviceable hearing

This outcome was not reported by any of the included studies.

Effect on tinnitus and vertigo

This outcome was not reported by any of the included studies.

Minor and serious adverse events

For this comparison, eight studies provided information pertaining
to adverse events (Ahn 2008; Arastou 2013; Arslan 2011; Battaglia
2008; Choi 2011; Gundogan 2013; Koltsidopoulos 2013; Tsounis
2018). In three studies reporting was incomplete for one or more
adverse event outcomes, because it was unclear in which group (or
groups) events were observed (Arastou 2013; Arslan 2011; Tsounis
2018). There were insufficient data for meta-analysis.

Persistent tympanic membrane perforation

Five studies reported a rate of perforation between 0% (0/85) and
5.5% (2/36) for those who received an intratympanic injection
(Ahn 2008; Arastou 2013; Arslan 2011; Choi 2011; Gundogan 2013).
We concluded that the evidence is very uncertain regarding
the risk of tympanic membrane perforation for those who
received intratympanic corticosteroid combined with systemic
corticosteroid as primary treatment (474 participants; 5 studies;
very low-certainty evidence).

Vertigo/dizziness at the time of injection

Four studies reported a rate between 0% (0/60) and 8.1% (3/37)
for those who received an intratympanic injection (Ahn 2008; Choi
2011; Gundogan 2013; Tsounis 2018). Note that in one study,
two groups received intratympanic injection: one group received
intratympanic corticosteroid, and the other received intratympanic
and systemic corticosteroid (Tsounis 2018). We concluded that
the evidence is very uncertain regarding the risk of vertigo/
dizziness at the time of intratympanic injection for those who
received intratympanic corticosteroid as primary treatment (341
participants; 4 studies; very low-certainty evidence).

Ear pain at the time of injection

One study reported a rate of 5/37 (13.5%) for those who received
an intratympanic corticosteroid injection (Gundogan 2013). All

recovered within one hour. We concluded that the evidence is very
uncertain regarding the risk of ear pain at the time of intratympanic
injection for those who received combined treatment as primary
treatment (73 participants; 1 study; very low-certainty evidence).

Table 2 provides details of the more limited data on other reported
adverse events.

Intratympanic corticosteroids versus no treatment or versus
placebo as secondary therapy

There were five studies comparing the efficacy of a secondary
intratympanic corticosteroid with no therapy (Chang 2010; Ho
2004; Lee 2011; Li 2011; Xenellis 2006), and two studies comparing
intratympanic corticosteroid with intratympanic placebo (Plontke
2009; Wu 2011).

Change in hearing threshold with pure tone audiometry (pure
tone average)

Seven studies (280 participants) were included in the meta-
analysis. The mean change in PTA between baseline and 20 to 60
days (range) after the start of therapy showed more improvement
in participants with intratympanic treatment but the point estimate
of effect did not exceed the minimally important difference of
-10 dB (MD -9.07 dB, 95% Cl -11.47 to -6.66; 280 participants; 7
studies; 12 = 23%; low-certainty evidence) (Analysis 3.1). Secondary
(rescue) intratympanic therapy may therefore result in a small
benefit compared to no treatment or placebo, but it is not clear
whether this would be important to patients. The studies Plontke
2009 and Wu 2011 were included in a sensitivity analysis and
confirmed the result of our primary analysis (MD -5.45 dB, 95% Cl
-9.30 to -1.59; 76 participants; 2 studies; 12 = 0%).

Proportion of patients whose hearing is improved

Six studies (232 participants) were included in the meta-analysis.
The study Chang 2010 could not be included since this parameter
was not reported. A higher proportion of participants with
intratympanic therapy had improved hearing at 29 to 79 days
(range) after the start of treatment (RR 5.55, 95% ClI 2.89 to
10.68; 232 participants; 6 studies; 12 = 0%); low-certainty evidence)
(Analysis 3.2). Secondary (rescue) intratympanic therapy may
therefore result in a much higher proportion of patients whose
hearing is improved, compared to no treatment or placebo. The
studies Plontke 2009 and Wu 2011 were included in the sensitivity
analysis and confirmed this result (RR 4.21,95% Cl 1.44 t0 12.31; 76
participants; 2 studies; 12 = 0%).

Final hearing threshold with pure tone audiometry (pure tone
average)

Five studies (203 participants) were included in the meta-analysis.
The studies Ho 2004 and Chang 2010 could not be included since
they did not report a final PTA. The mean final PTA at 29 to
61 days (range) after the start of therapy was lower (better) in
participants with intratympanic therapy, and the point estimate
of effect exceeded the minimally important difference of -10
dB HL (MD -11.09, 95% CI -17.46 to -4.72; 203 participants; 5
studies; 12 = 0%; low-certainty evidence) (Analysis 3.3). Secondary
intratympanic therapy may result, therefore, in lower (improved)
final hearing thresholds compared to no treatment or placebo. The
studies Plontke 2009 and Wu 2011 were included in the sensitivity

Intratympanic corticosteroids for sudden sensorineural hearing loss (Review) 33
Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

analysis and confirmed the result of the primary analysis (MD -10.20
dB, 95% Cl -19.64 to -0.77; 76 participants; 2 studies; 12 = 0%).

Change in hearing threshold with speech audiometry

One study reported on this outcome (Plontke 2009). The speech
reception threshold may be lower (better) in the group who
received intratympanic treatment compared to those who received
placebo, although the confidence interval crosses unity (MD -12.80
dB, 95% Cl -30.17 to 4.57; 21 participants; 1 study; Analysis 3.4).

The same study also reported on the change in maximum
speech discrimination, measured as the number of monosyllables
understood. Again, this outcome appeared to favour intratympanic
treatment (Analysis 3.5).

Frequency-specific changes with pure tone audiometry

A single study reported on frequency-specific changes with pure
tone audiometry. The results are shown in Analysis 3.6.

Mean level of improvement, in those whose hearing is improved

This outcome was not reported by any of the included studies.

Percentage of patients reaching serviceable hearing

This outcome was not reported by any of the included studies.

Effect on tinnitus and vertigo

This outcome was not reported by any of the included studies.

Minor and serious adverse events

For this comparison, five studies provided information about
adverse events (Ho 2004; Li 2011; Plontke 2009; Wu 2011; Xenellis
2006). There were insufficient data for meta-analysis. In all studies,
reporting was incomplete for one or more adverse event outcomes,
either because a rate was not provided for both randomised groups,
or because it was unclear in which group (or groups) events were
observed.

Persistent tympanic membrane perforation

Five studies reported a rate of tympanic membrane perforation
of between 0% (0/19) and 4.2% (1/24) for those who received an
intratympanic injection (Ho 2004; Li 2011; Plontke 2009; Wu 2011;
Xenellis 2006). This includes participants who received placebo
intratympanic injection. We concluded that the evidence is very
uncertain regarding the risk of tympanic membrane perforation for
those who received intratympanic injection (either corticosteroid
or placebo) as secondary treatment (185 participants; 5 studies;
very low-certainty evidence).

Vertigo/dizziness at the time of intratympanic injection

Three studies reported a rate of vertigo/dizziness of between 6.7%
(1/15) and 33% (number not reported) for those who received an
intratympanic injection (Ho 2004; Li 2011; Wu 2011). This includes
participants who received placebo intratympanic injection. We
concluded that the evidence is very uncertain regarding the
risk of vertigo/dizziness at the time of intratympanic injection
(either corticosteroid or placebo) as secondary treatment (118
participants; 3 studies; very low-certainty evidence).

Ear pain at the time of intratympanic injection

One study reported no participants with ear pain at the time
of intratympanic injection (0/24) (Li 2011). The evidence is very
uncertain regarding the risk of ear pain at the time of intratympanic
corticosteroid injection as secondary treatment (44 participants; 1
study; very low-certainty evidence).

Table 3 provides details of the more limited data on other reported
adverse events.

Intratympanic corticosteroids versus systemic corticosteroids
as secondary therapy

No study compared the effects of intratympanic corticosteroids
versus systemic corticosteroids on hearing improvement for
secondary therapy of ISSNHL.

Intratympanic plus systemic corticosteroids (combined
therapy) versus no treatment or versus placebo as secondary
therapy

No study compared the effects of intratympanic corticosteroids
plus systemic corticosteroids (combined therapy) versus no
treatment or versus placebo on hearing improvement for
secondary therapy of ISSNHL.

Intratympanic plus systemic corticosteroids (combined
therapy) versus systemic corticosteroids alone as secondary
therapy

One study compared the effects of a secondary systemic versus
a secondary combined intratympanic and systemic corticosteroid
treatment (Zhou 2011).

Change in hearing threshold with pure tone audiometry (pure
tone average)

Change in hearing threshold (PTA change) was not reported in the
study Zhou 2011.

Proportion of patients whose hearing is improved

One study (76 participants) explored this outcome. A higher
proportion of participants with combined therapy had improved
hearing at 56 days after the start of treatment compared with the
systemic treatment group. The point estimate of effect exceeded
the minimally important difference of 25% (RR 2.24, 95% CI 1.10 to
4.55; 76 participants; 1 study; very low-certainty evidence) (Analysis
4.1). Secondary combined therapy may therefore increase the
proportion of patients whose hearing is improved compared to
systemic corticosteroids alone, but the evidence is very uncertain.

Final hearing threshold with pure tone audiometry (pure tone
average)

This outcome was not reported by Zhou 2011.

Change in hearing threshold with speech audiometry

Zhou 2011 did not assess hearing thresholds, but did report the
proportion of participants who achieved animprovement of at least
15% in their speech discrimination score (see Analysis 4.2).

Change in speech discrimination scores

This outcome was not reported by Zhou 2011.
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Frequency-specific changes with pure tone audiometry

This outcome was not reported by Zhou 2011.

Mean level of improvement, in those whose hearing is improved

This outcome was not reported by Zhou 2011.

Percentage of patients reaching serviceable hearing

This outcome was not reported by Zhou 2011.

Effect on tinnitus and vertigo

This outcome was not reported by Zhou 2011.

Minor and serious adverse events

Zhou 2011 provided data for this comparison.
Persistent tympanic membrane perforation

The rate of tympanic membrane perforation in the intervention
group was 8.1% (3/37). We concluded that the risk of tympanic
membrane perforation among those who receive intratympanic
corticosteroid combined with systemic corticosteroid as primary
treatment is very uncertain (76 participants; 1 study; very low-
certainty evidence).

Table 4 provides details of the more limited data on other reported
adverse events.

DISCUSSION

Summary of main results

We identified data for four of our proposed comparisons,
from a total of 30 randomised controlled trials (RCTs) that
analysed 2133 participants. No data were found for the
comparisons of intratympanic corticosteroids versus no treatment/
placebo as primary therapy, intratympanic corticosteroids versus
systemic corticosteroids as secondary therapy, or intratympanic
corticosteroids plus systemic corticosteroids versus placebo/no
treatment as either primary or secondary therapy.

The followingis asummary of the key findings for each comparison:

Intratympanic corticosteroids versus systemic corticosteroids
as primary therapy

We identified 16 studies and analysed 1108 patients for this
comparison (Summary of findings 1). Intratympanic corticosteroids
may result in a trivial or no difference in the change in hearing
threshold, as compared with systemic steroids (low-certainty
evidence). They probably also result in little to no difference in
the number of participants whose hearing improves, and may
result in little to no difference in the final hearing threshold.
The confidence intervals of all outcomes do not overlap the
thresholds for clinical relevance, and these results persisted
after sensitivity analysis. Overall, vertigo and dizziness may be
increased, and ear pain is probably more common for those who
receive intratympanic corticosteroids. However, adverse effects
commonly associated with steroid use (such as blood glucose
problems) may be reduced among those who receive intratympanic
steroids. Persistent tympanic membrane perforation, ear pain at
the time of the injection and vertigo/dizziness at the time of the
injection were noted among those who received intratympanic

injection, but we could not be certain how often these effects would
occur.

Intratympanic plus systemic corticosteroids (combined
therapy) versus systemic corticosteroids alone as primary
therapy

We identified 10 studies and analysed 788 patients for this
comparison (Summary of findings 2). The change in hearing
threshold may be slightly increased (better) among those who
received combined therapy, but it is unclear whether this
increase would be noticeable and important to patients (low-
certainty evidence). The evidence regarding the number of patients
whose hearing improved, and the final hearing threshold, was
very uncertain, although both outcomes favoured the combined
treatment group. Adverse effects were only reported for those
who received combined therapy, therefore we were unable to
compare the intervention to systemic corticosteroids. Persistent
tympanic membrane perforation, vertigo/dizziness at the time of
the injection and ear pain at the time of the injection were all
reported in the intervention group, but we could not be certain how
often these effects would be seen.

Intratympanic corticosteroids versus no treatment or versus
placebo as secondary therapy

Seven studies were included for this comparison (Summary
of findings 3). Five studies compared the efficacy of a
secondary intratympanic corticosteroid with no therapy and two
studies compared intratympanic corticosteroid with intratympanic
placebo. Intratympanic therapy may result in a smallimprovement
in the change in hearing threshold (low-certainty evidence)
although the mean difference was just below the threshold for
clinical relevance (PTA change -9.07 dB). In addition, intratympanic
corticosteroids may result in a much higher proportion of patients
achieving an improvement in their hearing (absolute effect of 315
more patients per 1000 having improved hearing) and a small,
but clinically important, effect on the final hearing threshold
(decrease of 11.09 dB HL, low-certainty). The clinically relevant
effects persisted after sensitivity analysis. Adverse effects were only
reported for those who received intratympanic corticosteroids,
therefore we were unable to compare the intervention to placebo or
no treatment. Persistent tympanic membrane perforation, vertigo/
dizziness at the time of the injection and ear pain at the time of the
injection were all reported in the intervention group, but we could
not be certain how often these effects would be seen. The results
indicate that there may be a small improvement in hearing with the
use of intratympanic corticosteroids, but it is unclear whether this
would be a noticeable or important difference.

Intratympanic plus systemic corticosteroids (combined
therapy) versus systemic corticosteroids alone as secondary
therapy

We identified one study and analysed 76 patients for this
comparison (Summary of findings 4). Combined therapy may
increase the proportion of patients whose hearing is improved,
but the evidence is very uncertain. No data were available for
the remaining efficacy outcomes for this comparison (change
in hearing threshold or final hearing threshold, determined by
PTA). The study did report that a number of participants had a
persistent tympanic membrane perforation, but the evidence was
very uncertain.

Intratympanic corticosteroids for sudden sensorineural hearing loss (Review) 35
Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Overall completeness and applicability of evidence

The available evidence included all corticosteroids known to be
used for intratympanic applications. All studies only included
participants with sudden idiopathic sensorineural hearing loss
(without alternative diagnoses) and most studies included adults.
As participants included in the studies were predominantly adults,
itis not clear whether these results also apply to children. However,
ISSNHL in children is rare. The available evidence included patients
mostly treated in secondary and tertiary care settings. In summary,
we conclude that the ISSNHL patients included in the review cover
the patient population seen in clinical practice.

The included studies showed variability in their treatment
protocols. The glucocorticoids used in the included RCTs were
either methylprednisolone or dexamethasone preparations. The
methylprednisolone concentrations used were usually 40 mg/
mL with only very few studies using higher concentrations (62.5
mg/mL or 125 mg/mL). The dexamethasone concentrations used
were usually 4 mg/mL to 5 mg/mL with only one study using a
higher concentration (12 mg/mL). We are aware that in clinical
practice, other (higher) concentrations of corticosteroids might
be used or recommended (Chandrasekhar 2019). In addition,
other types of corticosteroids (e.g. triamcinolone acetonide), other
forms of corticosteroids (e.g. dexamethasone phosphate versus
dexamethasone base) and other drug delivery systems different
from intratympanic injections of solutions, including wicks, gels,
catheters or biodegradable controlled-release implants, may be
used (reviewed in: El Kechai 2015; Mader 2018; Salt 2009; Salt 2018;
Zhang 2021). However, we did not find any further RCTs that have
addressed therapeutic strategies using intratympanic application
of corticosteroids for ISSNHL, other than those included in this
systematic review.

Three outcome parameters for the evaluation of the treatment
effect could be used for statistical analysis (the primary outcome
parameter and two secondary outcome parameters). The primary
outcome parameter (change in pure tone average (PTA)) is widely
used in studies on the treatment of ISSNHL. The proportion of
patients whose hearing isimproved (one of the secondary outcome
parameters) is also a widely used outcome parameter in studies.
However, in the view of the authors, this type of outcome parameter
is not very reliable because 1) it is a dichotomous parameter,
which gives only a little information about the absolute hearing
improvement in patients and within-study group variance and 2)
it is highly dependent on the definition of hearing improvement,
which is inconsistent between studies. As a further outcome
parameter we included the final PTA in patients at the study
endpoint. Although this outcome parameter is not widely used
in studies, it has been shown to depend less upon baseline
characteristics (such as initial hearing loss or treatment delay),
and is therefore more robust against distortions due to differences
in baseline characteristics between treatment arms (Liebau 2017;
Liebau 2018).

In this review, the wording of the comments in the summary of
findings tables and, thus, in the abstract, results and authors’
conclusions sections is based on the "GRADE guidelines informative
statements to communicate the findings of systematic reviews of
interventions" (Santesso 2020). In this guideline, producers and
users of systematic reviews found statements to communicate
findings that combine the size and certainty of an effect to be
acceptable. The final list of informative statements to communicate

the results of systematic reviews combines the effect size (1) large
effect, 2) moderate effect, 3) small important effect, 4) trivial, small
unimportant effect or no effect) and the certainty of the evidence
(high, moderate, low, very low) (Santesso 2020). The Cochrane
Handbook for Systematic Reviews of Interventions (Chapter 15.6.4)
also suggests using these narrative statements to draw conclusions
based on the effect estimate from the meta-analysis and the
certainty of the evidence (Handbook 2021). The clinicians amongst
the authors initially tried to define the effect sizes in detail (1)
large effect, 2) moderate effect, 3) small important effect, 4) trivial,
small, unimportant effect or no effect) for both change in hearing
threshold and proportion of patients whose hearing improved.
However, we could not agree on a uniform statement for this. Thus,
we agreed on a 'minimally important difference' (MID).

Determining a relevant and important change in hearing is
challenging. In this review we have taken a change in hearing
threshold of 10 dB HL to represent the MID. However, we
acknowledge that this may not be universally agreed. The decision
to choose 10 dB as a MID was based on the test-retest reliability
of pure tone audiometric measurements, established minimal
criteria for improvement in individual patients (Chandrasekhar
2019; Gurgel 2012; Stachler 2012), and on a large RCT on this
topic with low bias (Rauch 2011). For dichotomous outcomes (e.g.
the proportion of patients with hearing improvement), we used a
threshold of 25% or more in RR increase for appreciable benefit
as suggested in the GRADE guideline (Guyatt 2011). The 10 dB
difference and the 25% criteria were agreed upon by all authors.
Many of the mean differences reported in this review were close to
this MID, therefore it is uncertain whether the detectable change
from the interventions would be of importance to patients.

Some studies used different thresholds to define 'improvement’
of hearing. This may result in different conclusions to this review.
If, for example, a change of 5 dB HL (or 3 dB, 6 dB or 9 dB)
was deemed to be the MID then we would have concluded that
some interventions were of more certain benefit. This may also
partly explain apparent discrepancies in our findings where the
mean difference was found not to be clinically relevant, and yet
a higher proportion of patients 'improved' when assigned to the
intervention group. When interpreting the findings, it is important
to consider both the mean change in hearing and how many people
improved. Although the mean change for the whole group may not
be especially strong, there may still be a greater number of people
who improve.

The estimation of whether an effect size is "1. large", "2. moderate",
"3. small important" or "4. trivial, small unimportant effect or no
effect" (Santesso 2020) also depends on the degree of initial hearing
loss (i.e. moderate, severe, profound hearing loss) and whether
the patients had serviceable hearing before and/or after therapy
(Chandrasekhar 2019). For example, a 10 dB change might not
be useful in severe or profound hearing loss if the patient (or
the ear) would remain at a cochlear implant candidate level after
therapy. The current US guideline therefore correctly recommends
that future studies should report the number of patients reaching
serviceable hearing: "For ears that were rendered nonserviceable
by the episode of SSNHL, return to serviceable hearing should be
considered asignificantimprovement, and whether or not this level
of recovery occurs should be recorded. Recovery to a serviceable
level typically indicates that after recovery, the ear would be
a candidate for traditional hearing amplification. Recovery to
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less-than-serviceable levels indicates an ear that would, in most
circumstances, not benefit from traditional amplification. For ears
with SSNHL to hearing levels that are still in the serviceable range,
an improvement of > 10 dB in pure tone thresholds (accounting for
test-retest variability in audiometry) or an improvement in WRS of
>10% (approximate lower limit for a statistically significant change
based on binomial tables for WRS of >50% at baseline) should be
considered partial recovery and recorded." (Chandrasekhar 2019).

We think that the criteria with high patient relevance are: how many
patients (ears) reach levels where they are not a cochlear implant
candidate anymore ("serviceable hearing", as stated above) or even
reach levels where a hearing aid would not be necessary any more?
Such criteria mainly depend on word recognition tests, which were
not sufficiently reported in the RCTs in our review. However, speech
audiometry results are difficult to compare due to different test
strategies and different languages. The criteria for candidacy for a
cochlearimplant or a hearing aid may also differ between countries
or even between audiologists.

Data for many of the outcomes were missing. The length of follow-
up in studies was less than a year, meaning that there was limited
evidence regarding the long-term effectiveness of the therapies.
However, a stable hearing threshold is considered to occur several
weeks after treatment of ISSNHL and long-term follow-up may
increase the likelihood of occurrence of other causes of hearing
loss, which would confound any long-term analysis.

Important or key outcome criteria missing in this review are quality
of life and patient-reported outcome measures. These measures
should ideally have been defined in the protocol version of this
review. Possible tools for measuring quality of life or patient-
reported outcomes might be the Hearing Handicap Inventory for
the Elderly (Ventry 1982), the Short Form (12) Health Survey (SF-12)
(Jenkinson 1997), or the Core Rehabilitation Outcome Set for Single
Sided Deafness (CROSSSD) (Katiri 2020). However, quality of life
measures had not been reported in any of the RCTs included in this
systematic review.

Quality of the evidence

We largely assessed the certainty of the evidence in this review as
low or very low. There was moderate-certainty evidence for a small
number of outcomes, but we identified no high-certainty evidence.
The main reasons for the uncertainty were a serious risk of bias in
the included studies and imprecision in the effect estimates - either

due to a small number of included participants or few events, or
because the wide confidence intervals overlapped the threshold for
clinical relevance.

Nearly all the included studies had a small number of participants.
Thisincreases therisk that randomisation does not achieve balance
across groups forimportant prognostic characteristics (both known
and unknown) that may confound outcome estimates. One such
characteristic is the propensity towards spontaneous recovery.
This can have a large impact on pooled estimates for hearing
threshold, and imbalance across groups may not be detected
by a comparison of baseline parameters such as pre-treatment
hearing loss and delay between the onset of symptoms and
the start of treatment. It is important, therefore, to make sure
that trials have enough participants to achieve a balance across
groups for the propensity towards spontaneous recovery, as well
as other important prognostic factors. This is supported by meta-
analyses (Liebau 2017; Liebau 2018), which demonstrated (in
primary and secondary treatment respectively) that variation in
outcome estimates is reduced when there is a larger number of
participants.

These observations are reflected in the meta-analysis as well.
In many included studies a high within-group variance was
seen that might be the consequence of the heterogeneous
impact of spontaneous recovery on total hearing improvement
among patients, in combination with a low number of included
participants per treatment arm. In addition, heterogeneous results
were found in outcome parameters between studies, especially in
studies with a small number of included participants. However, due
to the high imprecision of the results in these studies statistical
heterogeneity might be underestimated by the Chi? test and I?
statistic.

We created funnel plots for outcomes including 10 or more studies
(Figure 4; Figure 5; Figure 6). These did not indicate the presence
of publication bias. However, this is not proof that no publication
bias exists. It is noteworthy that we found some high-quality
studies with larger sample sizes indicating no differences between
treatment modalities and smaller studies with higher risk of
bias indicating large differences in treatment effects. High-quality
studies with large sample sizes imply more investment of time,
work and money. Itis very likely that these studies will be published
afterwards. In smaller studies, a higher risk exists that the results
of those studies will not be published if the conclusion differs from
current concepts or expectations.
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The overall methodological and reporting quality of the studies was
disappointing. This leads to an overall high risk of biasin most of the
included studies and reduces the certainty of the evidence. It seems
that 20 years after CONSORT (Begg 1996), authors and journals in
the field of otolaryngology still do not adhere to these guidelines
and most of the publications of RCTs were accepted without
fulfilling essential methodological and reporting criteria. Further,
only very few included studies were reported to be pre-registered.
Without publishing a pre-specified study protocol, uncertainty
remains about whether study methods may have changed after
data synthesis and before publishing the study results.

Many studies did not report their method of randomisation.
It was therefore not possible to justify whether an adequate
randomisation method was used in these studies. Similarly, almost
no study reported their method for concealment of allocation.
However, the randomisation principle is only guaranteed if - in
addition to a robust method of randomisation - a plausible method
was used that prevents manipulation of the allocation process.
Without this information the randomisation procedure remains
questionable. In addition, some studies reported an inadequate
method of randomisation in which the allocation of patients could
be predicted (such as alternate allocation).

Itis also mandatory to give a clear statement about which persons
in the study are blinded and which are not. Blinding of outcome
assessment is possible even in non-placebo-controlled studies.
Without a clear statement of blinding a judgement on the risk of
bias is not possible and remains unclear.

In some of the included studies, treatment arms actually differed
considerably in their baseline parameters and these imbalances
between groups may have influenced the reported outcomes.
In addition, many studies have not reported important baseline
parameters, or reported them in an inadequate way. In two
studies the reporting of baseline parameters even differed between
treatment arms. Such inconsistent reporting of data raises doubts
about the transparency of studies. We also noted a number of
studies where measures of variance (such as standard deviations
or standard errors) were missing. A variance element is an essential
component when reporting the mean.

Potential biases in the review process

The included studies used a broad range of different treatment
protocols and follow-up times for final hearing evaluation. No
specific conclusions can thus be drawn on the effectiveness of a
particular corticosteroid treatment protocol for ISSNHL. However,
this only marginally influences the general conclusions on the
comparison of treatment modalities (i.e. systemic, intratympanic or
combined treatment).

The included studies also cover a broad range of baseline
characteristics (e.g. degree of hearing loss, treatment delay,
type of primary treatment for comparisons using intratympanic
corticosteroids as secondary treatments, and accompanying
symptoms such as vertigo).

There are differences between studies concerning hearing
evaluation (different frequencies used for calculating PTA) and
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different definitions of positive response to treatment (proportion
of patients whose hearing is improved). It has previously been
shown that the frequencies chosen for calculating the PTAinfluence
the estimation of hearing loss in patients and thus can influence
the outcome in clinical trials (Plontke 2007). Different definitions
of positive response to treatment can present a risk of bias
when pooling the outcome parameter 'proportion of patients
improved' (Haynes 2007).

There are many included studies with a high risk of bias and major
methodological weaknesses. We therefore performed a sensitivity
analysis, which takes into account only studies with high quality
and low risk of bias.

One included study was performed by authors of the review (SKP
and CM) (Plontke 2009). These authors were therefore not involved
in data extraction or risk of bias assessment for this study.

The outcome parameter 'final PTA' after treatment was added after
the publication of the protocol. This was based on conclusions
drawn from a different meta-analysis (Liebau 2017; Liebau 2018),
and was independent from the data processingin the present meta-
analysis.

Some of the planned secondary outcomes could not be assessed
due to the lack of available data. Due to missing individual
patient data in almost all studies and the limited number of
studies per type of comparison, intended subgroup analyses could
not be performed either. However, this has no influence on the
conclusions drawn from the overall analysis.

Agreements and disagreements with other studies or
reviews

A number of meta-analyses on local corticosteroid treatment of
ISSNHL have already been published. There is much variation
concerning included studies, defined types of comparisons and
evaluated outcome parameters within these reviews. However, the
primary outcome parameter was either mean hearing gain (change
in hearing threshold with pure tone audiometry) or recovery rate
(proportion of patients whose hearing is improved). Many studies
included both outcome parameters.

Intratympanic corticosteroids versus no treatment or versus
placebo as primary therapy

We identified no data of relevance for this comparison because of
the lack of studies that fulfilled the inclusion criteria. Despite that,
the meta-analysis Ahmadzai 2019 reports a significant benefit of
intratympanic treatment over placebo in hearing gain and recovery
rate. They did not perform pair-wise comparisons in their meta-
analysis but pooled single treatment arms from different trials
instead. Besides inclusion of the study Filipo 2013 with an early
salvage therapy at day seven, they further included the placebo
groups from the studies Hultcrantz 2014 and Nosrati-Zarenoe
2012, although these studies compared the efficacy of systemic
corticosteroids versus placebo instead of local treatment. This may
lead to a greater risk of bias because effect evaluation is not based
on a randomised process.

Intratympanic corticosteroids versus systemic corticosteroids
as primary therapy

A large number of meta-analyses have examined the difference
in effectiveness of intratympanic and systemic treatment as
primary therapy. Most of them are in accordance with our
finding of no important difference between the two treatment
modalities (Ahmadzai 2019; Crane 2015; El Sabbagh 2016; Garavello
2012; Lai 2017; Mirian 2020). However, the meta-analysis Crane
2015 included studies by Ahn 2008 and Arslan 2011, which
compared combined rather than local treatment. The review
Garavello 2012 included the study Ahn 2008 in this comparison.
The meta-analysis El Sabbagh 2016 did not separate conditions of
primary and secondary therapy and pooled studies of both types
of treatment. They also included studies with combined treatment
in the intervention group in this type of comparison. The meta-
analyses Mirian 2020 and Lai 2017 did not include some of the trials
included in our analysis. The meta-analysis Ahmadzai 2019 pooled
single treatmentarms from different studies and therefore included
the systemic treatment groups of Eftekharian 2016, Gundogan
2013 and Hultcrantz 2014, as well as the local treatment group
from Filipo 2013 with early salvage therapy in this comparison.

The meta-analysis Quiang 2016 found a significantly greater benefit
of intratympanic therapy over systemic therapy as a primary
intervention when assessed with mean hearing gain as well as
recovery rate. This meta-analysis, however, did not include the
large clinical trial with low bias Rauch 2011, in which there were
a high number of included participants finding no significant
difference in outcomes between treatment modalities. The meta-
analysis Zhao 2016 found a significant difference in the rate of
complete hearing recovery, but not in the general recovery rate,
termed as significant hearing improvement. However, this review
included the studies Mao 2005, Yi 2011, You 2008 and Zhou 2006.
The studies Yi 2011 and Mao 2005 investigated the injection of
corticosteroids through the Eustachian tube. You 2008 is a non-
randomised study, while Zhou 2006 included hyperbaric oxygen
therapy in treatment arms. The meta-analysis Li 2020 reported a
significant difference in mean hearing gain but not in recovery rate.
However, they did notinclude a number of trials that were included
in our analysis.

Intratympanic plus systemic corticosteroids (combined
therapy) versus systemic corticosteroids alone as primary
therapy

Other meta-analyses about the effectiveness of combined
therapy over systemic corticosteroids as primary therapy found
heterogeneous results. This is consistent with our conclusion that
there is uncertainty in the evidence. Ahmadzai 2019 and Mirian
2020 concluded that combined therapy is not superior to systemic
therapy as primary treatment. On the other hand, the meta-
analyses Gao 2016, Han 2017 and Li 2020 showed a significant
difference in the effectiveness of combined and systemic therapy
(favouring combined therapy) and concluded that combined
therapy might be superior to systemic therapy. Gao 2016,
however, included two non-randomised trials (Battaglia 2014;
Glinel 2015). In Giinel 2015, the control group was a retrospective
cohort.Han 2017 also included the study Ashtiani 2012, a study with
a very uncertain randomisation process, which is only mentioned
in the abstract, not in the full text of their publication. They also
included the non-randomised trial Battaglia 2014 and the trial Chen
2015, in which the control group included a mixture of patients
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receiving combined or systemic treatment. Li 2020 also included
the non-randomised trials Battaglia 2014 and Ashtiani 2012 (very
uncertain randomisation process). Further, they included the trial
Zhou 2011, which investigated the efficacy of combined therapy
against systemic treatment as a secondary intervention.

Intratympanic corticosteroids versus no treatment or versus
placebo as secondary therapy

In accordance with our meta-analysis, other reviews also found
that intratympanic salvage therapy might be more effective than
no therapy or placebo therapy. The meta-analyses Ng 2015 and Li
2015 found a significantly higher mean change in hearing threshold
in patients receiving intratympanic therapy. The meta-analysis
Spear 2011 also found a significant difference in mean change
in hearing threshold. However, this review also included non-
randomised studies (Kilic 2007; Plaza 2007; She 2010). The reviews
Crane 2015 and Garavello 2012 found a significantly higher recovery
rate in patients receiving intratympanic therapy. The review Crane
2015, however, included the study Zhou 2011, which compared
combined treatment with systemic therapy. The review Garavello
2012 also included the study Zhou 2011 and the study Arslan 2011,
which compared combined therapy with systemic treatment as
primary therapy.

Combined intratympanic plus systemic corticosteroids versus
systemic corticosteroids alone as secondary therapy

We found no review addressing this question.
AUTHORS' CONCLUSIONS

Implications for practice

For primary therapy, we identified no evidence on the efficacy of
intratympanic therapy compared to placebo/no treatment.

Intratympanic corticosteroids probably result in little to no
difference when compared to systemic corticosteroids in primary
therapy for idiopathic sudden sensorineural hearing loss (ISSNHL).
The evidence regarding adverse events was very uncertain.

The evidence regarding combined corticosteroid therapy was very
uncertain. There may be a slight benefit to combined therapy when
compared to systemic corticosteroids alone, but the difference may
be small. For change in hearing threshold and for final hearing
threshold, the mean difference between the two groups is close
to the threshold for a minimally important difference (estimates
of -8.55 dB and -9.11 dB, respectively) and it is unclear whether it
would be important to patients. The evidence regarding adverse
events was very uncertain.

For secondary therapy, intratympanic corticosteroid therapy may
be more effective than no treatment or placebo for ISSNHL.
Intratympanic therapy may result in a much higher proportion
of participants whose hearing is improved and for final hearing
threshold the difference exceeds the threshold for a minimally
important difference (estimates of -11.09 dB HL). For change in
hearing threshold, the mean difference between the two groups
is close to the threshold for a minimally important difference
(estimates of -9.07 dB).

The evidence regarding adverse events was very uncertain.

We are very uncertain about the effect of combined therapy on
hearing outcome for secondary therapy of ISSNHL when compared
to systemic therapy. The change in hearing threshold may be
slightly increased, but it is not clear whether the extent of change
would be important to patients. The evidence regarding adverse
events was very uncertain.

Further research is likely to have an important impact on the
estimates of effect and may change the estimates in the respective
comparisons.

Implications for research
Suggestions for future trials
Design and methods

Where the intent is to assess the effectiveness of interventions,
randomised controlled trials should be conducted. Trials should
use appropriate methods for randomisation and allocation
concealment to avoid selection bias, and they should be
adequately powered. Attempts should be made by the investigators
to blind participants, healthcare professionals and study personnel
to the treatment allocation. This could be through the use of a
placebo and ensuring that the treatment regimens are the same
between treatment arms. A double placebo design should be used
where dosage form and/or regimen are different. Where it is not
possible to blind participants and/or clinicians to the treatment
received, efforts to blind the outcome assessment and analysis
personnel should be made.

Populations

Populations should be clearly described with respect to the degree
of initial hearing loss and additional symptoms. A standardised and
evidence-based definition for ISSNHL, especially with respect to
audiological criteria, still needs to be established.

Interventions

There should be clear reporting of the therapies used, including
the drug, dose, frequency and duration, and clear descriptions
of any adjunctive therapies used across the treatment groups.
Publications should make it clear exactly which form of the drug
(the exact chemical composition) was used in the study. This
should apply to any drug used, not just corticosteroids (Salt 2020).
We recommend gathering evidence on the various corticosteroid
treatment regimens including various concentrations/dosages,
forms of corticosteroids, injection frequencies and intervals, drug
formulations and delivery systems, and (other) methods for
enhancing uptake into the cochlea.

Outcomes

Primary and secondary outcomes should be clearly defined
and these parameters should also be evaluated later on. The
development of core outcome sets for ISSNHL would be beneficial
for future trials. This would help to ensure that trials are consistent,
high-quality and examine appropriate outcomes. Fixed levels of
improvement may not always be adequate, since benefit for
patients depends on the initial degree of hearing loss and the final
outcome, respectively. Speech audiometry in quiet and noise are
preferable over pure tone thresholds. Internationally comparable
speech audiometry tests should be further developed and applied if
possible (Akeroyd 2015; Kollmeier 2015). Other categorical criteria
of high patient relevance, such as the necessity of an ear still being
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a cochlear implant or hearing aid candidate after partial recovery,
should be considered (see Discussion and Chandrasekhar 2019).
Consensus should also be reached on the appropriate minimally
importance difference (appreciable or clinically relevant benefit
and harm) to be used when assessing hearing outcomes.

The primary endpoint should not be too early for ISSNHL
studies. We suggest a primary outcome assessment between four
weeks and three months, and studies should follow up patients
for at least six months. Efforts should be made to establish
internationally comparable speech audiometry tests including
speech understanding in noise.

The assessment of adverse effects should be defined in the
protocol and these should be systematically sought during trials. A
validated patient-reported outcome measure (PROM) or quality of
life measurement instrument should be used whenever possible.

Reporting

Trials should be registered in a regional or international clinical
trials registry and, when published, adhere to reporting guidelines
such as CONSORT (Schulz 2010).
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* Indicates the major publication for the study

Study characteristics

Methods
month duration of follow-up

Non-blinded, parallel-group, randomised controlled trial with 14 days duration of treatment and a 3-

Participants
Sample size:

« Number randomised: 120
« Number completed: 120

Setting: tertiary referral centre, Republic of Korea, February 2005 to March 2007

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of

treatment:

« Group | (combined): 48.6 + 15.4 y/33 m, 27 f/74.3+27.8 dBHL/6.5+3.9d
« Group Il (systemic): 45.9 + 14.7y/31 m, 29/70.3+21.3dBHL/7.1+4.1d

Inclusion criteria: SSNHL with acute onset of HL of > 30 dB in 3 contiguous frequencies, which may
have occurred instantaneously or progressively over several days

Exclusion criteria: medical or central nervous system conditions, including diabetes, hypertension,
connective-vascular disease, vestibular schwannoma, true vertigo with whirling type, and other condi-
tions that could affect hearing recovery or selection of therapeutic methods

Interventions
corticosteroids alone

General comparison: intratympanic plus systemic corticosteroids (combined therapy) versus systemic

Intervention group (n = 60*): "combined therapy": intratympanic injection of dexamethasone, 5
mg/mL, 0.3 to 0.4 mL, 3 injections total, 1 injection every 2 days (first, third and fourth day) + systemic
steroid therapy as in comparator group
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Ahn 2008 (continued)

Comparator group (n =60*): "systemic": 14-day course of oral 48 mg methylprednisolone for 9 days,
followed by tapering for 5 days

Use of additional interventions (common to both treatment arms): vitamins and lipo-prostaglandin
El

* intention-to-treat analysis

Outcomes

Primary outcome measure:

« Proportion of patients whose hearing is improved (criterion for improvement > 15 dB decrease and
final <75 dB HL in PTA/Siegel's criteria)

Secondary outcomes:

« Frequency-specific changes with pure tone audiometry
« Adverse events

Primary endpoint for hearing threshold evaluation: 90 days

Used PTA: 4PTA (0.5, 1,2, 3 kHz)

Funding sources

No information available

Declarations of interest

No information provided

Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  High risk Quote from protocol: "All patients are being allocated to one of two groups

tion (selection bias) (ITD and control group) using randomizations table that is generated by ran-
dom number generator (http://stattrek.com/statistics/random-number-gener-
ator.aspx)."
Quote from protocol: "If a patients refuses to receive such treatment as allo-
cated to him or her, the patient is going to be dropped from this study."

Allocation concealment Unclear risk Method of concealment is not described.

(selection bias)

Blinding of participants High risk Open-label trial, no blinding.

and personnel (perfor-

mance bias) Quote from protocol: "If a patients refuses to receive such treatment as allo-

All outcomes cated to him or her, the patient is going to be dropped from this study."

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk No missing outcome data reported but patients could refuse allocated thera-

(attrition bias) py.

All outcomes

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by

porting bias) the review.

Other bias High risk No sample size calculation performed.

Intratympanic corticosteroids for sudden sensorineural hearing loss (Review) 53

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health. Cochrane Database of Systematic Reviews

Al-Shehri 2015

Study characteristics

Methods

Non-blinded, parallel-group, randomised controlled trial with 14 days duration of treatment and 2-
month duration of follow-up

Participants

Setting: tertiary referral centre, Saudi Arabia, January 2011 to December 2014
Sample size:

« Number randomised: 39
« Number completed: 39

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:

« Group I (intratympanic): 49.8 + 5.9 y/9 m, 10 f/71.3 + 5.9* dB HL/not reported
« Group Il (systemic): 49.7 + 7.3y/9m, 11 f/71.3+6.9* dB HL/not reported

* not clarified whether this is SD or SEM

Inclusion criteria: age > 18, unilateral sensorineural hearing loss that developed within 72 hours and
was present for 2 weeks or less. Patients' pure tone average (PTA) must have been 50 dB or higher, and
the affected ear must have been at least 30 dB worse than the contralateral ear in at least 1 of the 4 PTA
frequencies (i.e. 500, 1000, 2000 and 4000 Hz).

Exclusion criteria: hearing has been asymmetric prior to the onset of ISSNHL. Pre-enrollment steroid
usage, previous history of hearing loss, Méniere's disease, or any chronic inflammatory or suppurative
ear disease or cholesteatoma, otosclerosis, ear surgery (except ventilating tubes), hearing asymmetry
prior to onset, congenital hearing loss, physical trauma or barotrauma to the ear immediately preced-
ing hearing loss, history of genetic hearing loss with strong family history, or craniofacial or temporal
bone malformations.

Interventions

General comparison: intratympanic versus systemic corticosteroid therapy

Intervention group (n =19*): "intratympanic therapy": intratympanic methylprednisolone sodium
succinate 4 x 1 mL doses of 40 mg/mL over 2 weeks, with a dose given every 3 to 4 days

Comparator group (n =20*): "systemic therapy": oral prednisone 60 mg/d tapering over 14 days
Use of additional interventions (common to both treatment arms): none

*intention-to-treat analysis

Outcomes

Primary outcome measure:

« Changein hearing threshold with pure tone audiometry
Secondary outcomes:

+ Adverse events

Primary endpoint for hearing threshold evaluation: 75 days

Used PTA: 4PTA (0.5, 1, 2, 4 kHz)

Funding sources

No information available

Declarations of interest

None declared
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Al-Shehri 2015 (continued)

Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "[Patients] were consecutively randomized"
tion (selection bias)
Method of random sequence generation is not described.
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "The researcher was not blinded to the treatment group but the audiol-
sessment (detection bias) ogists were blinded to it."
All outcomes
Incomplete outcome data  Low risk No missing outcome data reported.
(attrition bias)
All outcomes
Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.
Other bias High risk No sample size calculation performed.

Treatment delay from onset in patients not reported.
Single authorship generally exhibits a certain risk of bias.

Completely equal baseline PTA is notable.

Arastou 2013

Study characteristics

Methods

Non-blinded, parallel-group randomised controlled trial with 10 days duration of treatment and 2
weeks duration of follow-up

Participants

Setting: tertiary referral centre, Iran, June 2008 to November 2009
Sample size:

« Number randomised: 77
o Number completed: 77

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:

« Group | (combined): 45.4 + 14.8 y/25 m, 11 f/70.7 + 26.8 dB HL/18.97 + 23.6 d
« Group Il (systemic): 49.17 + 14.4y/27 m, 9 f/65.9 + 30.9 dB HL/15.5 + 22.6 d
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Arastou 2013 (Continued)

Inclusion criteria: ISSNHL that developed within 24 h, without identifiable cause including retro-
cochlear disease or trauma. Participants were eligible for inclusion in the study if they had at least one
poor prognostic factor: age greater than 40 years, hearing loss more than 70 dB, or greater than a 2-
week delay between the onset of hearing loss and initiation of therapy.

Exclusion criteria: hypertension, diabetes mellitus, tympanic perforation in the affected ear, history of
surgery on the affected ear, bilateral SSNHL, ISSNHL in the hearing ear only, if they were pregnant, or if
they received any therapy for SSNHL prior to enrolment in the study.

Interventions

General comparison: intratympanic plus systemic corticosteroids (combined therapy) versus systemic
corticosteroids alone

Intervention group (n = 36*): "combined therapy": intratympanic injection of dexamethasone, 4 mg/
mL, 0.4 mL, 4 injections total, twice per week + systemic steroid therapy as in comparator group

Comparator group (n =41*): "systemic therapy": prednisolone oral 1 mg/kg per day for 10 days

Use of additional interventions (common to both treatment arms): acyclovir (4 x 0.5 g/d for 10
days), triamterene H, omeprazole (daily during steroid treatment)

*intention-to-treat analysis

Outcomes

Primary outcome measure:
« Proportion of patients whose hearing is improved (criterion ofimprovement > 15 dB decrease in PTA)
Secondary outcomes:

« Mean change in hearing threshold (not pre-specified)
« Adverse events

Primary endpoint for hearing threshold evaluation: 14 days

Used PTA: 5PTA (0.25, 0.5, 1, 2, 4 kHz)

Funding sources

No information available

Declarations of interest

No information provided

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "randomized ... using a series of computer generated numbers"
tion (selection bias)
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "The audiologist was blinded to the study group of the patient."
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Quote: "All participants received the therapy to which they were randomized,
(attrition bias) and all patents completed the therapy".
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Arastou 2013 (Continued)
All outcomes

Selective reporting (re- High risk Missing standard deviation in reporting of hearing improvement.
porting bias)

Other bias High risk No sample size calculation performed.
Unexplained difference in numbers of patients between groups.

Wide range of treatment delay from onset among included patients.

Arslan 2011

Study characteristics

Methods Non-blinded, parallel-group randomised controlled trial with 10 days duration of treatment and 15
days duration of follow-up

Participants Setting: tertiary referral centre, Turkey, January 2003 to October 2008
Sample size:
« Number randomised: 158
« Number completed: 158
Primary/secondary therapy: primary therapy
Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:
« Group | (combined): 47.8 + 13.1 y/54 m, 31 f/65.7 + 22.0 dB HL/55 patients < 7 days, 24 < 15 days, 2

<23 days, 4 <30days
« Group Il (systemic): 48.4 + 15.2 y/48 m, 25 f/63.0 + 22.9 dB HL/50 patients < 7 days, 15 < 15 days, 7
<23 days, 1<30days

Inclusion criteria: ISSNHL with minimum 20 dB hearing loss in 3 consecutive octaves that have oc-
curred within a course of 3 days
Exclusion criteria: history, symptoms or findings of acoustic trauma or barotrauma, Méniére's dis-
ease or other peripheral vertigo, tumours, autoimmune disease, coagulopathy or small vessel disease,
syphilis, hypothyroidism and ototoxic drug use, contraindication to use systemic steroids

Interventions General comparison: primary intratympanic plus systemic corticosteroids (combined therapy) versus
systemic corticosteroids alone
Intervention group (n = 85*): "combined therapy": intratympanic injection of methylprednisolone,
125 mg per mL, 0.5 mL, 5 times total, 1 injection every 2 days + systemic steroid therapy as in compara-
tor group
Comparator group (n = 73*): "systemic therapy": intravenous then oral methylprednisolone 100 mg
intravenous first day, 80 mg per day oral in 3 divided doses for the next 2 days, continued with oral ad-
ministration by tapering the dose 20 mg in every 2 days
Use of additional interventions (common to both treatment arms): dextran 40,000, 5 mL/kg per day
intravenous, for the first 5 days of treatment
*intention-to-treat analysis

Outcomes Primary outcome measure:
« Mean change in hearing threshold
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Arslan 2011 (continued)

Secondary outcomes:

« Proportion of patients whose hearing is improved (criterion of improvement: > 10 dB decrease in PTA)
« Adverse events

Primary endpoint for hearing threshold evaluation: 15 days

Used PTA: 4PTA (0.5, 1, 2, 4 kHz)

Funding sources No information available

Declarations of interest No information provided

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Quote: "randomised according to their date of referral ... at odd and even
tion (selection bias) days"

Allocation concealment High risk No allocation concealment possible because of the method of random se-
(selection bias) quence generation used.

Blinding of participants Low risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No missing outcome data reported.
(attrition bias)
All outcomes

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.
Other bias High risk No sample size calculation performed.

Difference in numbers of patients between groups.
Early endpoint of 15 days after start of treatment only.
Wide range of treatment delay from onset among included patients.

Hearing threshold inclusion criteria is as low as only > 20 dB HL in 3 octaves.

Ashtiani 2018

Study characteristics
Methods Triple-blinded, parallel-group randomised controlled trial with 13 days duration of treatment and 4
weeks duration of follow-up
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Ashtiani 2018 (continued)

Participants

Setting: tertiary referral centre, Iran, 2011 to 2014
Sample size:

« Number randomised: 147
« Number completed: 112

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment/baseline median SRT/baseline median SDS:

« Group I (intratympanic): 43.59 + 15.9 y/21 m, 11 f/11 mild and moderate, 8 severe, 13 profound/not
specified (over all 3 groups 1.9 + 1.6 d)/85 dB SPL/21.5%

« Group Il (combined): 40.8 + 15.15y/22 m, 13 f/17 mild and moderate, 8 severe, 20 profound/not spec-
ified (over all 3 groups 1.9 + 1.6 d)/80 dB SPL/70%

« Group Il (systemic): 48.69 + 13.61 y/30 m, 15 f/11 mild and moderate, 8 severe, 16 profound/not
specified (over all 3 groups 1.9 + 1.6 d)/75 dB SPL/64%

*mild (26 to 40 dB HL), moderate (41 to 55 dB HL), moderately severe (56 to 70 dB HL), severe (71 to 90
dB HL), profound (=91 dB HL)

Inclusion criteria: SSNHL and age of at least 18 years and a unilateral sensorineural hearing loss that
developed within 72 h and was present for 10 days or less

Exclusion criteria: receiving oral or injection treatments at other centres and having contraindications
for corticosteroid therapy (such as pregnancy or glaucoma), a previous history of SSNHL, an immunod-
eficiency, a history of fluctuating hearing loss, a history of endolymphatic hydrops, brain or temporal
bone pathology in the MRI, and concurrent otitis (acute and chronic) and being unco-operative or visit-
ing with a delay of 10 days or more

Interventions

General comparison: intratympanic versus combined versus systemic corticosteroid therapy

Intervention group | (n =32*): "intratympanic therapy": intratympanic 0.6 mL vials of methylpred-
nisolone in the anterior superior (AS) TM on days 1, 5,9 and 13, oral 75 mg/day placebo over 10 days

Intervention group Il (n =35*): "combined therapy": intratympanic 0.6 mL vials of methylpred-
nisolone in the anterior superior (AS) TM on days 1, 5, 9 and 13, oral 75 mg/day prednisolone over 10
days

Comparator group (n = 45*): "systemic therapy": oral 75 mg/day prednisolone over 10 days, intratym-
panic 0.6 mL of placebo in the anterior superior (AS) TM on days 1,5,9 and 13

Use of additional interventions (common to all treatment arms): 5 acyclovir 400 tablets per day for
a total duration of 6 days and 1 omeprazole capsule per day for 10 days

*per protocol analysis

Outcomes

Primary outcome measure: proportion of patients whose hearing is improved (criterion of improve-
ment: > 10 dB decrease in PTA or > 15% in SDS)

Secondary outcomes: change in hearing threshold with speech audiometry, concomitant symptoms
Primary endpoint for hearing threshold evaluation: 28 days

Used PTA: 5PTA (0.25, 0.5, 1, 2, 4 kHz)

Funding sources

Tehran University of Medical Sciences (TUMS) under Grant No. 90-03-48-15295

Declarations of interest

None declared

Notes

This study is registered in Iranian Registry for Clinical Trials with code number IRCT201202159039N1
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Ashtiani 2018 (continued)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "patients ... divided into ... three groups using six- block randomiza-

tion (selection bias) tion Method."

Allocation concealment Low risk Quote: "All study personnel, participants, and data analyst except the method-

(selection bias) ologist were blinded to treatment allocation."”

Blinding of participants Low risk Quote: "The active and placebo capsules and injection vials ... were identical

and personnel (perfor- in color, size, weight, and packaging."

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "The active and placebo capsules and injection vials ... were identical

sessment (detection bias) in color, size, weight, and packaging."

All outcomes

Incomplete outcome data  High risk Rate of reported missing outcome data more than 10% (23.8%).

(attrition bias)

All outcomes

Selective reporting (re- Low risk All pre-specified endpoint measurements of outcome parameters addressed

porting bias) by the review are reported.

Other bias High risk Treatment delay from onset in patients not reported per group but overall low
range of treatment delay among patients.
Unexplained very similar outcome of speech tests between "intention-to-treat
population" and "final population".
The term "not meeting criteria" leading to exclusion of further patients is not
explained.

Battaglia 2008
Study characteristics
Methods Double-blind, parallel-group randomised controlled trial with 3 weeks duration of treatment and 7

weeks duration of follow-up

Participants

Setting: multicentre trial, USA, January 2004 to January 2006
Sample size:

« Number randomised: 60
« Number completed: 51

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment/baseline SDS:

« Group I (intratympanic): 60 y/m,f not reported/82 + 28 dB HL/11 + 14 d/24 + 38%
« Group Il (combined): 57 y/m,f not reported/75 + 23 dB HL/4 + 3 d/41 + 40%
« Group Il (systemic): 54 y/m,f not reported/80 + 27 dB HL/7 + 6 d/34 + 40%
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Battaglia 2008 (Continued)

Inclusion criteria: ISSNHL within 6 weeks after onset. Patients with no identifiable cause of sudden
hearing loss were considered to have ISSNHL.

Exclusion criteria: diagnosis not ISSNHL, pregnancy, receiving previous treatment, Méniére's disease,
autoimmune hearing loss, acoustic neuroma or other retrocochlear lesions. History of hearing fluctua-
tion, recent ear infection, surgery or hospitalisation, exposure to ototoxins, trauma, drainage, tinnitus,
pain, vertigo or family history of hearing loss. Medical conditions associated with sudden hearing loss
such as diabetes, syphilis, chronic renal disease and cardiovascular disease.

Interventions

General comparison: intratympanic versus combined versus systemic corticosteroid therapy

Intervention group I (n = 17*): "intratympanic therapy": placebo oral + intratympanic injection of dex-
amethasone, 12 mg/mL, 0.5 to 0.7 mL, 20 min, 3 injections total, 1x per week

Intervention group Il (n =16*): "combined therapy": intratympanic injection + oral as in intervention
group | and comparator group

Comparator group (n = 18*): "systemic therapy": oral 60 mg prednisone with 10 mg taper every 2 days
+intratympanic NaCl 0.9% (intratympanic placebo), 3 injections total, 1x per week

Use of additional interventions (common to all treatment arms): none

*modified intention-to-treat analysis

Outcomes

Primary outcome measure:
« Changein hearing threshold with pure tone audiometry
Secondary outcomes:

« Proportion of patients whose hearing is improved (criterion of improvement > 15 dB decrease in PTA
or >25% in SDS) and change in hearing threshold with speech audiometry

« Adverse events
Primary endpoint for hearing threshold evaluation: 43 days

Used PTA: 3PTA (0.5, 1, 2 kHz)

Funding sources

No information available

Declarations of interest

No information provided

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "patients were randomized to 1 of 3 groups and administered treat-
tion (selection bias) ment in double-blinded fashion"
Method of random sequence generation is not described.
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Quote: "administered treatment in double-blinded fashion".
and personnel (perfor-
mance bias)
All outcomes
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Battaglia 2008 (Continued)

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Not mentioned but placebo-controlled, double-blind study design.

Incomplete outcome data  High risk Rate of reported missing outcome data more than 10% (15%).

(attrition bias)

All outcomes

Selective reporting (re- High risk Missing standard deviation in reporting of hearing improvement.

porting bias)

Other bias High risk Recruitment of patients was terminated before number of patients from sam-
ple size calculation was reached.
Wide range of treatment delay from onset in inclusion criteria.
Difference in treatment delay from onset between groups.

Chang 2010
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with approximately 2 weeks duration of treat-

ment and 20 days duration of follow-up

Participants

Setting: tertiary referral centre, China, no dates provided
Sample size:

« Number randomised: 48
+ Number completed: 48

Primary/secondary therapy: secondary therapy after failure of primary therapy
Primary therapy: not described

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment/start of initial treatment/start of treatment:

« Group I (intratympanic): 48.6 (14 to 67) y/14 m, 10 f/37.55 + 8.32 dB HL/not reported/not reported
« Group Il (no treatment): 51.6 (16 to 62) y/16 m, 8 f/39.31 + 8.66 dB HL/not reported/not reported

Inclusion criteria: diagnosis of ISSNHL and non-responsive to conventional therapy within 20 days,
resident in the region of Qinghai plateau (> 3000 m over sea level)

Exclusion criteria: evidence of retrocochlear and central neuropathy

Interventions

General comparison: intratympanic corticosteroid therapy versus no treatment

Intervention group (n = 24*): "intratympanic therapy": intratympanic injections of dexamethasone 5
mg/mL, 0.2 to 0.5 mL, 4 to 5 injections in total, 1x every 3 to 4 days

Comparator group (n =24*): "no therapy": none

Use of additional interventions (common to both treatment arms): 30 mL Ginkgo biloba, 40 mg ATP,
100 U of coenzyme A intravenous and vitamin B-complex oral daily

*intention-to-treat analysis
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Chang 2010 (continued)

Outcomes Primary outcome measure:
« Changein hearing threshold with pure tone audiometry
Secondary outcomes:
« None
Primary endpoint for hearing threshold evaluation: 20 days

Used PTA: 7PTA (0.125, 0.25, 0.5, 1, 2, 4, 8 kHz)

Funding sources No information available

Declarations of interest No information provided

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of random sequence generation is not described.

tion (selection bias)

Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)

Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Insufficient information to permit judgement. For the meta-analysis it was as-
(attrition bias) sumed that the number of patients analysed per treatment arm is identical to
All outcomes the respective randomised number of patients per treatment arm.

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.

Other bias High risk No sample size calculation performed.

Treatment delay from onset to secondary treatment in patients not reported.

Choi 2011
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 15 days duration of treatment and 8
weeks duration of follow-up
Participants Setting: tertiary referral centre, Republic of Korea, August 2008 to January 2010
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Choi 2011 (continued)

Sample size:

« Number randomised: 46
+ Number completed: 46

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:

« Group I (combined): 46.26 + 16.54y/8 m, 11 f/76.38 + 24.82 dB HL/3.53 + 1.43 d
« Group Il (systemic): 45.59 + 16.68 y/12 m, 15 f/66.44 + 23.48 dB HL/3.33+1.86 d

Inclusion criteria: diagnostic criteria for SSNHL were the acute onset of hearing loss of 30 dB or more
over at least 3 contiguous audiometric frequencies, which may have occurred within 3 days. The treat-
ments were initiated within 7 days after onset.Exclusion criteria: those with medical or central ner-
vous system conditions, including syphilis, chronic renal disease, cardiovascular disease and retro-
cochlear lesions were excluded from the study. Those with true whirling type vertigo, family history of
hearing loss, history of fluctuating hearing loss, head trauma and otologic surgery were also excluded
from the investigation.

Interventions

General comparison: intratympanic plus systemic corticosteroids (combined therapy) versus systemic
corticosteroids alone

Intervention group (n =19*): "combined therapy": intratympanic injection of dexamethasone, 5 mg/
mL, 0.3 mL, 1x per day for 5 consecutive days + systemic steroid therapy as in comparator group

Comparator group (n =27*): "systemic therapy": intravenous dexamethasone (10 mg) for 5 days, then
oral methylprednisolone for 10 days in tapered doses (48 mg, 40 mg, 32 mg, 24 mg, each for 2 days de-
creasing by 8 mg every 2 days, and 12 mg for the last 2 days)

Use of additional interventions (common to both treatment arms): carbogen (5% CO,, 95% O,) in-
halation, low-salt diet, dextran, pentoxifylline (400 mg), flunarizine (5.9 mg) and stellate ganglion block

*intention-to-treat analysis

Outcomes

Primary outcome measure:

« Proportion of patients whose hearing improved (criterion of improvement > 15 dB decrease in PTA/
Siegel's criteria)

Secondary outcomes:
« Change in pure tone audiometry (not pre-specified)
Primary endpoint for hearing threshold evaluation: 56 days

Used PTA: 4PTA (0.5, 1, 2, 4 kHz)

Funding sources

No information available

Declarations of interest

No information provided

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "patients were divided into 2 different treatment groups on a random
tion (selection bias) basis."
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Choi 2011 (continued)
Method of random sequence generation is not described.
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No missing outcome data reported.
(attrition bias)
All outcomes
Selective reporting (re- High risk Missing standard deviation in reporting of hearing improvement.
porting bias)
Not all pre-specified follow-up time points were reported.
Other bias High risk No sample size calculation performed.

Difference in hearing loss before treatment between groups.

Unexplained difference in numbers of patients between groups.

Dispenza 2011

Study characteristics

Methods

Non-blinded, parallel-group randomised controlled trial with 3 weeks duration of treatment and 6.7
months duration of follow-up

Participants

Setting: tertiary referral hospital, Italy, January 2008 to December 2009
Sample size:

+ Number randomised: 51
« Number completed: 46

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of treatment:

« Group I (intratympanic): 47 y/not reported/65 dB HL/9.4 d
« Group Il (systemic): 54 y/not reported/51 dBHL/3.8d

Inclusion criteria: diagnostic criteria for SSNHL were the acute onset of hearing loss of 30 dB or more
over at least 3 contiguous audiometric frequencies, which may have occurred within 24 hoursExclu-
sion criteria: previous episode of hearing loss, history of ear pathology, previous treatments adminis-
tered elsewhere, retrocochlear lesion, vestibular schwannoma and contraindication to systemic steroid
administration

Interventions

General comparison: intratympanic versus systemic corticosteroid therapy

Intratympanic corticosteroids for sudden sensorineural hearing loss (Review) 65
Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



= 3 Cochrane
st g Library

Dispenza 2011 (Continued)

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Intervention group (n = 25*): "intratympanic therapy": intratympanic injection of dexamethasone, 4
mg/mL, "middle ear filled", 4 injections total, 1 x weekly

Comparator group (n = 21*): "systemic therapy": oral prednisone, 60 mg, tapering over 14 days
Use of additional interventions (common to both treatment arms): none

*per protocol analysis

Outcomes

Primary outcome measure:
« Proportion of patients whose hearing is improved (criterion of improvement > 10 dB decrease in PTA)
Secondary outcomes:

« Mean relative PTA gain, frequency-specific gain (0.5, 1, 2 and 4 kHz)
« Recovery time
« Adverse events

Primary endpoint for hearing threshold evaluation: 204 days

Used PTA: 4PTA (0.5, 1,2, 4 kHz)

Funding sources

Quote: "The Authors ... declare that any financial support was obtained by private organization" (pri-
vate organisation was not further specified).

Declarations of interest

Quote: "The Authors have not conflict of interest with organization cited in the study ..." (no organisa-
tion was cited in the publication).

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "patients were randomly divided in two groups according to treat-
tion (selection bias) ment".
Method of random sequence generation is not described.
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk Quote: "Among 51 patients ... we evaluated 46 patients that completed the

(attrition bias)
All outcomes

protocol."
Missing outcome data per treatment arm not reported.

Moderate missing outcome data (5% to 10%) were probably not balanced
across treatment arms (9.8%).
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Dispenza 2011 (Continued)
Selective reporting (re- High risk Not all pre-specified follow-up time points were reported.
porting bias)
Other bias High risk No sample size calculation performed.
Difference in both treatment delay from onset and hearing loss before treat-
ment between groups.
Standard deviation for both treatment delay from onset and hearing loss be-
fore treatment not reported.
Ermutlu 2017
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with approximately 24 days duration of treat-

ment and a 3-month duration of follow-up

Participants

Setting: tertiary referral centre, Turkey, June 2013 to January 2014
Sample size:

« Number randomised: 41
+ Number completed: 35

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:

« Group I (intratympanic): 49.68 y/14 m, 5 f/not reported/3.74 d
« Group Il (systemic): 41.06 y/9 m, 7 f/not reported/2.69 d

Inclusion criteria: unilateral SSHL of at least 30 dB including at least 3 frequencies and occurring with-
in 72 h. Additional inclusion criteria were as follows: 1) age between 18 and 80 years, 2) time prior to
treatment not exceeding 7 days and 3) no history of previous treatment

Exclusion criteria: identifiable cause of hearing loss, a history of previous otologic surgery on the af-
fected ear, an acute or chronic otitis media of the affected ear, retrocochlear pathology

Interventions

General comparison: intratympanic versus systemic corticosteroid therapy

Intervention group (n =19*): "intratympanic therapy": intratympanic 0.5 to 0.7 cc dexamethasone (8
mg/2 mL) 3 times every other day

Comparator group (n = 16*): "systemic therapy": oral 1 mg/kg (maximum 80 mg) prednisolone and ta-
pering 10 mg every 3 days

Use of additional interventions (common to both treatment arms): intravenous low molecular
weight dextran (5 cc/kg) for 5 to 10 days, oral acetazolamide for a month, oral acyclovir for 5 days, oral
betahistine and oral trimetazidine for 3 months

*per protocol analysis

Outcomes Primary outcome measure:
« Proportion of patients whose hearing is improved (criterion of improvement > 10 dB decrease in PTA
or>10% in WRS)
Secondary outcomes:
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Ermutlu 2017 (continued)

+ None
Primary endpoint for hearing threshold evaluation: 90 days

Used PTA: 3PTA (0.5, 1, 2 kHz)

Funding sources

No information available

Declarations of interest

None declared

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Patients were randomly divided into oral steroid (OS) and intratym-
tion (selection bias) panic steroid (ITS) groups".
Method of random sequence generation is not described.
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk Rate of reported missing outcome data more than 10% (14.6%).
(attrition bias)
All outcomes
Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.
Other bias High risk No sample size calculation performed.
Gundogan 2013
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 14 days duration of treatment and 4

weeks duration of follow-up

Participants

Setting: tertiary referral centre, Turkey, December 2009 to January 2013
Sample size:

« Number randomised: 79
« Number completed: 73

Primary/secondary therapy: primary therapy
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Gundogan 2013 (Continued)

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of treatment/baseline SDS:

« Group | (combined): 52.3 + 12.94 y/16 m, 21 f/80.7 + 22.81 dB HL/4.7 + 4.0 d/29.7 + 20.96%
« Group Il (systemic): 51.6 + 16.8 y/21 m, 15 f/76.3 + 27.18 dB HL/5.14 + 3.52 d/43.3 £ 30.71%

Inclusion criteria: 1) unexplained sudden sensorineural hearing loss, which was defined as a sen-
sorineural hearing loss of at least 30 dB at 3 contiguous frequencies over a period of < 3 days; 2) time
from the onset of hearing loss to the treatment of < 14 days; 3) no initial treatment before; 4) no history
of ear disease in the affected ear; 5) and unilateral sudden hearing lossExclusion criteria: chronic otitis
media, trauma, previous radiotherapy or chemotherapy, recent use of ototoxic drugs, liver or renal dys-
function, retrocochlear lesion and interval to first treatment greater than 14 days from onset

Interventions

General comparison: intratympanic plus systemic corticosteroids (combined) versus systemic corti-
costeroids

Intervention group (n =37*): "combined therapy": intratympanic injection of methylprednisolone,
62.5 mg/mL, 0.4 mL, 4 injections total, 1x every 3 days + systemic steroid therapy as in comparator

group

Comparator group (n = 36*): "systemic therapy": oral methylprednisolone, 1 mg per kg, 10 mg taper
every 3 days

Use of additional interventions (common to both treatment arms): none

*per protocol analysis

Outcomes

Primary outcome measure:
« Changein hearing threshold with pure tone audiometry
Secondary outcomes:

« Proportion of patients whose hearing improved (criterion of improvement: > 15 dB decrease in PTA/
Siegel's criteria)

» Changein hearing threshold with speech audiometry

« Frequency range specific changes with pure tone audiometry

« Adverse events

Primary endpoint for hearing threshold evaluation: 28 days

Used PTA: 4PTA (0.5, 1, 2, 3 kHz)

Funding sources

None declared

Declarations of interest

None declared

Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "patients were randomly assigned to 2 groups according to treatment ",
"The blocked randomization was used in this study".

Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
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Gundogan 2013 (Continued)

Blinding of participants Low risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Reported moderate missing outcome data (5% to 10%) balanced in numbers

(attrition bias) across intervention groups (7.6%).

All outcomes

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by

porting bias) the review.

Other bias High risk No sample size calculation performed.
Notable difference in speech discrimination scores between groups before
start of therapy.

Ho 2004
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 15 days duration of treatment and 1.5-

month duration of follow-up

Participants

Setting: tertiary referral centre, Taiwan, January 2001 to June 2003
Sample size:

« Number randomised: 29
+ Number completed: 29

Primary/secondary therapy: secondary therapy after failure of primary therapy

Primary therapy: methylprednisolone oral 1 mg/kg per day for 5 days, followed by tapering to 10 mg/
day for another 5 days plus vasodilators (nicametate citrate, 3x per day), vitamin B-complex and fludi-
azepam (0.25 mg 3x per day) and carbogen inhalation therapy (95% O, and 5% CO,)

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of initial treatment/start of treatment:

« Group I (intratympanic): 46.1 + 19.9 y/7 m, 8 f/81.04 + 13.23 dB HL/9.7 + 12.0 d/not reported
« Group Il (no treatment): 51.4 + 14.4y/9 m, 5f/91.78 + 10.40 dB HL/4.4 + 3.5 d/not reported

Inclusion criteria: 1) unilateral severe or profound idiopathic sudden SSNHL, 2) HL occurring within 24
hours, 3) no otologic history in the affected ear, and 4) hearing improvement <30 dB in PTA, no recov-
ery of hearing, or worsening of hearing after primary therapy

Exclusion criteria: mumps, measles, rubella, cytomegaly viruses and retrocochlear lesion

Interventions

General comparison: intratympanic corticosteroid therapy versus no treatment

Intervention group (n = 15*): "intratympanic therapy": intratympanic injection of dexamethasone, 4
mg/mL, 0.4 to 0.7 mL, 3 injections total, 1x per week
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Ho 2004 (continued)

Comparator group (n = 14*): "no therapy": continuation of initial oral "standard therapy" without cor-
ticosteroids: vasodilators (nicametate citrate, 3 times a day orally), vitamin B-complex and benzodi-
azepine (fludiazepam, 0.25 mg 3 times a day orally)

Use of additional interventions (common to both treatment arms): none

*intention-to-treat analysis

Outcomes

Primary outcome measure:

« Proportion of patients whose hearing is improved (criterion of improvement final PTA <25 dB HL or
PTA decrease > 30 dB in PTA/Furuhashi criteria)

Secondary outcomes:

« Changein hearing threshold with pure tone average
+ Adverse events

Primary endpoint for hearing threshold evaluation: 49 days

Used PTA: 6PTA (0.25,0.5, 1, 2, 4, 8 kHz)

Funding sources

No information available

Declarations of interest

No information provided

Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "Patients ... were further randomly assigned".
tion (selection bias)
Method of random sequence generation is not described.
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No missing outcome data reported.
(attrition bias)
All outcomes
Selective reporting (re- High risk Not all pre-specified follow-up time points were reported.
porting bias)
Other bias High risk No sample size calculation performed.
Mean of hearing threshold before treatment in control group not reported.
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Ho 2004 (continued)

Treatment delay from onset to secondary treatment in patients not reported
but reported treatment delay to initial treatment and duration of initial treat-
ment.

Possible difference in treatment delay from onset between groups.

Hong 2009

Study characteristics

Methods Non-blinded, parallel-group randomised controlled trial with 8 days duration of treatment and 3-
month duration of follow-up

Participants Setting: tertiary referral centre, Republic of Korea, May 2007 to January 2009
Sample size:
+ Number randomised: 75
o Number completed: 63
Primary/secondary therapy: primary therapy
Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of treatment:
+ Group I (intratympanic): 56.9y/13 m, 19 f/77.5+27.6 dBHL/3.4d
« Group Il (systemic): 56.2 y/11 m, 20 f/79.9 + 23.5dB HL/3.9d
Inclusion criteria: ISSNHL of 30 dB or more with over 3 contiguous audiometric frequencies that oc-
curred in fewer than 3 days
Exclusion criteria: ISSNHL with vertigo, diabetes, Méniere’s disease, tumours, treatment onset of more
than 15 days

Interventions General comparison: intratympanic versus systemic corticosteroid therapy
Intervention group (n = 32*): "intratympanic therapy": intratympanic injection of dexamethasone, 5
mg/mL, 0.3 to 0.4 mL, 8 injections total, 1 x per day
Comparator group (n = 31*): "systemic therapy": oral prednisolone 60 mg per day for 4 days, 40 mg
per day for 2 days and 20 mg per day for 2 days
Use of additional interventions (only comparator group):"peripheral vasodilator" and Ginkgo bilo-
ba extract
*per protocol analysis

Outcomes Primary outcome measure:
« Change in hearing threshold with pure tone audiometry
Secondary outcomes:
» Frequency-specific changes with pure tone audiometry
« Proportion of patients whose hearing is improved (criterion of improvement > 15 dB decrease in PTA/

Siegel's criteria)
+ Adverse events
Primary endpoint for hearing threshold evaluation: 90 days
Used PTA: 4PTA (0.5, 1, 2, 3 kHz)
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Hong 2009 (continued)

Funding sources

Grant (code #200810FTH010103002) from BioGreen21 Program, Rural Development Administration,
Republic of Korea

Declarations of interest

None declared

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "IT dexamethasone or oral prednisolone, was assigned for patients
tion (selection bias) with ISSHL alternatively and randomly."
Method of random sequence generation is not described.
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "outcome assessors were blinded"
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk Rate of reported missing outcome data more than 10% (16%).
(attrition bias)
All outcomes
Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.
Other bias High risk No sample size calculation performed.
Standard deviation of treatment delay from onset not reported.
Huang 2021
Study characteristics
Methods Non-blinded, parallel-group, quasi-randomised controlled trial with 12 days duration of treatment and

follow-up on day 13

Participants

Setting: not stated (secondary care setting likely, due to author affiliations), China, January 2013 to Oc-
tober 2018

Sample size:

« Number randomised: 104
« Number completed: 98

Primary/secondary therapy: primary therapy
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Huang 2021 (Continued)

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:

« Group | (Intratympanic): 51 + 11.7 y/28 m, 21 f/66.7 + 14.5 dB HL/not reported, presumed within 72
hours, as per inclusion criteria

« Group Il (systemic):53.2+11.7y/26 m,23/67.3+14.7dB HL/not reported, presumed within 72 hours,
as per inclusion criteria

Inclusion criteria: onset of SSNHL within 72 hours with hearing loss of 30 dB or greater for 3 consecu-
tive frequencies by pure tone threshold audiometry (PTA 0.25, 0.5, 1, 2, 4 and 8 kHz)

Exclusion criteria: aged under 18 or over 65 years, unmanaged serious systemic diseases, diabetes

or hypertension, epilepsy, psychosis, active ulcer of digestive tract or any contraindications for hor-
mone therapy, identifiable cause of hearing loss (such as radiation, noise, acute or chronic otitis me-
dia, Méniére's disease, autoimmune diseases, large vestibular aqueduct syndrome or retrocochlear dis-
ease)

Interventions

General comparison: intratympanic corticosteroids versus systemic corticosteroids

Intervention group (n =49*): intratympanic injection of dexamethasone, 1.5 mg/0.3 mL, once every
other day for 24 days

Comparator group (n =49*): intravenous dexamethasone, 10 mg per day on days 1 to 4, 7.5 mg per
day on days 5 to 8 and 5 mg per day on days 9 to 12, followed by intratympanic dexamethasone once
every alternate day for 12 days

*per protocol analysis

Outcomes

Primary outcome measure:

+ Changein hearing:
o Change in hearing threshold with PTA: only reported for the endpoint of the trial (wrong compar-
ison for this review)

o Proportion of patients whose hearingisimproved: only reported for the endpoint of the trial (wrong
comparison for this review)

o Final hearing threshold: only reported for the endpoint of the trial (wrong comparison for this re-
view)

o Frequency-specific changes with pure tone audiometry: assessed at low-mid frequency (0.25, 0.5,
1 kHz) and high frequency (2, 4, 8, kHz)

Secondary outcome measure:
« Adverse events

Primary endpoint for hearing threshold evaluation: 90 days

Funding sources

National Natural Science Foundation of China

Declarations of interest

Authors report no conflicts of interest with regard to the manuscript

Notes Participants who initially received systemic dexamethasone for 12 days subsequently received in-
tratympanic dexamethasone. Therefore endpoint data are not relevant for this review, but interim data
reported on day 12 were used.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "Patients were alternately divided into group A or group B according to
the time of admission"
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Huang 2021 (Continued)

Allocation concealment High risk Quote: "Patients were alternately divided into group A or group B according to

(selection bias) the time of admission"

Blinding of participants High risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No description regarding whether outcome assessors were blinded to group

sessment (detection bias)
All outcomes

allocation.

Incomplete outcome data  Low risk Dropout less than 10% and balanced in both groups.

(attrition bias)

All outcomes

Selective reporting (re- Low risk Outcomes reported fully according to the methods of the paper. No trial proto-

porting bias) col available to assess further.

Other bias High risk No sample size calculation performed. Included data are available only at an
early-test point (day 13) and may not adequately represent longer-term results
of the treatment. Treatment delay from onset in patients not reported.

Koltsidopoulos 2013
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 9 days duration of treatment and 3-

month duration of follow-up

Participants

Setting: multicentre trial, Greece, November 2009 to January 2012
Sample size:

« Number randomised: 92
+ Number completed: 92

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment/baseline SDS:

« Group | (combined): 53.86 + 13.34/23 m, 23 f/70.43 + 19.65 dB HL/4.63 + 4.73 d/36.6 + 28.38%
« Group Il (systemic): 57.47 + 13.37/20 m, 26 f/65.38 + 19.52 dB HL/5.39 + 3.80 d/44.91 + 29.04%

Inclusion criteria: 1) sudden sensorineural hearing loss of unknown cause greater than 30 dB in 3 con-
tiguous audiometric frequencies developing within 3 days, 2) time from onset of hearing loss to treat-
ment administration of 20 days or less, 3) no otologic history in the affected ear, 4) = 18 years

Exclusion criteria: mumps, toxoplasmosis, borreliosis, HIV, CMV, HSV, measles, rubella, influenza virus,
syphilis, retrocochlear pathology

Interventions

General comparison: intratympanic plus systemic corticosteroids (combined therapy) versus systemic
corticosteroids

Intervention group (n =46*): "combined therapy": intratympanic injection of dexamethasone, 4 mg/
mL, 0.4 to 0.6 mL, 3 injections total, 1 x every 2 days + systemic therapy as in comparator group
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Koltsidopoulos 2013 (Continued)

Comparator group (n =46*): "systemic therapy": intravenous prednisolone, 75 mg/d for 3 days, fol-
lowed by 50 mg/d for the next 3 days and 25 mg/d for another 3 days

Use of additional interventions (common to both treatment arms): none

*intention-to-treat analysis

Outcomes

Primary outcome measure:
« Changein hearing threshold with pure tone audiometry
Secondary outcomes:

« Proportion of patients whose hearing is improved (criterion of improvement: > 10 dB decrease in PTA
and > 15% increase in SDS)

« Change in hearing threshold with speech audiometry
+ Adverse events

Primary endpoint for hearing threshold evaluation: 100 days

Used PTA: 4PTA (0.5, 1, 2, 4 kHz) and 7PTA (0.25, 0.5, 1, 2, 4, 6, 8 kHz)

Funding sources

No information available

Declarations of interest

No information provided

Notes —

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  High risk Quote: "Patients were allocated to 2 groups on a 1:1 basis, depending on the

tion (selection bias) odd or even number of presentation."

Allocation concealment High risk No allocation concealment possible because of the method of random se-

(selection bias) guence generation used.

Blinding of participants Low risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "audiologic assessment and data analysis were kept blinded to the al-

sessment (detection bias) location."

All outcomes

Incomplete outcome data  Low risk Quote: "all patients complied with the follow up protocol."

(attrition bias)

All outcomes

Selective reporting (re- High risk Hearing improvement only reported as median but mean pre-specified as out-

porting bias) come parameter.
Both hearing loss before treatment and hearing improvement is only provided
by a 4PTA but not by a 7PTA although the latter is the primary outcome para-
meter.

Other bias Low risk No indications of other bias.
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Kosyakov 2011

Study characteristics

Methods

Non-blinded, parallel-group randomised controlled trial with 6-month duration of treatment and 6-
month duration of follow-up

Participants

Setting: tertiary referral centre, Russia, no dates provided
Sample size:

« Number randomised: 73
« Number completed: 73

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:

« Group I (intratympanic): 49 (35 to 52) y/14 m, 10 f/41.0 + 12.87 dB HL/not reported
« Group Il (systemic): 50 (30 to 53) y/15m, 9 f/37.1 + 16.67 dB HL/not reported
« Group Il (systemic): 40 (32 to 53) y/13 m, 12 f/39.1 + 16.97 dB HL/not reported

Inclusion criteria: SSNHL with hearing loss in 3 contiguous frequencies of at least 30 dB, who had not
previously been treated and were at least 18 years old; treatment delay less than 1 monthExclusion
criteria: 1) patients with somatic pathology (such as diabetes, hypertension, gastric ulcer, tubercu-
losis, glaucoma, etc.), for whom systemic steroids were contra-indicated; 2) oncology patients; 3) pa-
tients with autoimmune diseases or those who were constantly or periodically taking steroids; 4) pa-
tients who were or have been taking ototoxic agents; 5) patients with acoustic neurinoma; 6) pregnant
and nursing women; 7) patients with middle ear diseases, abnormal type of tympanometric curves or
barotrauma in their anamnesis; 8) those who had intolerance for any component of treatment; 9) those
who had SSNHL in the only hearing ear

Interventions

General comparison: intratympanic versus systemic corticosteroid therapy

Intervention group | (n =24*): "intratympanic therapy": intratympanic injection of dexamethasone, 4
mg/mL (volume not specified), every day for 10 days, then every other day over 20 days, then 2 times a
week over further 5 months

Comparator group | (n =24*): "systemic therapy": intravenous dexamethasone 0.1 mg/kg daily for 10
days, followed by a decreasing dose over 5 days

Comparator group Il (n =25*): "systemic therapy": intravenous dexamethasone 0.1 mg/kg daily for 10
days, followed by a decreasing dose over 5 days

Use of additional interventions (only used in comparator group I): pentoxifylline, cocarboxylase,
potassium and magnesium aspartate intravenously and vitamin B-complex intramuscularly

*intention-to-treat analysis

Outcomes

Primary outcome measure:
« Proportion of patients whose hearing is improved (criterion of improvement > 15 dB decrease in PTA)
Secondary outcomes:

« Proportion with hearing improvement (> 15 dB in PTA) with partial recovery (minimum 50% PTA im-
provement from baseline) and with complete recovery (to within 15 dB difference in PTA of the unaf-
fected ear)

« Mean improvement of PTA and in frequency-specific bands
» Recovery over time (1 and 6 months)
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Kosyakov 2011 (Continued)

Primary endpoint for hearing threshold evaluation: 183 days

Used PTA: 4PTA (0.5, 1,2, 4 kHz)

Funding sources

No information available

Declarations of interest

No information provided

Notes Intratympanic treatment was administered over 6 months, which is much longer than all other in-
tratympanic treatment protocols in this review. Also, the duration of intratympanic and systemic thera-
py differed considerably, intratympanic therapy lasting 6 months and systemic therapy lasting only 15
days. We therefore investigated whether the inclusion of this study had a notable impact on the overall
results by conducting a sensitivity analysis in which it was excluded.
Only the group receiving systemic corticosteroid without additional treatment was included as a com-
parator. This was because the additional treatments were not received by the group receiving in-
tratympanic corticosteroid. This study was included in meta-analyses despite a unit of analysis of ears
instead of patients, as only 2 patients with bilateral hearing loss were included.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote from protocol: "The randomisation will be done using a random num-
tion (selection bias) ber table of the software Statistica (StatSoft Inc., version 6.1)."
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote from protocol: "Audiologists producing hearing loss assessment will be
sessment (detection bias) blinded".
All outcomes
Incomplete outcome data  Low risk No missing outcome data reported.
(attrition bias)
All outcomes
Selective reporting (re- Low risk Primary and secondary outcome criteria are pre-specified in the later sent pro-
porting bias) tocol and reported in the results of the publication.
Other bias High risk No sample size calculation performed.
Treatment delay from onset in patients not reported.
Only mild cases of ISSNHL included.
Wide range of treatment delay from onset in inclusion criteria.
Some participants (n =2) had bilateral disease, but analysis does not account
for correlation between ears.
Duration of treatment longer in intervention arm (6 months) than in the com-
parator arm (15 days).
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Lee 2011

Study characteristics

Methods Non-blinded, parallel-group, randomised controlled trial with 2 weeks duration of treatment and 8
weeks duration of follow-up

Participants Setting: tertiary referral centre, Republic of Korea, March 2004 to December 2007
Sample size:
« Number randomised: 46
« Number completed: 46
Primary/secondary therapy: secondary therapy after failure of primary therapy
Primary therapy: oral steroids 60 mg/day for 5 days, followed by tapering for 5 days
Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of initial treatment/start of treatment:
« Group I (intratympanic): 44.0 + 16.2 y/9 m, 12 f/79.8 + 23.4 dB HL/5.1 + 5.6 d/not reported
« Group Il (no treatment): 45.3+13.5y/9 m, 16 f/72.9 +27.7 dB HL/5.6 + 5.3 d/not reported
Inclusion criteria: SSNHL with more than 30 dB HL in 3 serial frequency lasting from 12 h to sever-
al days. Failure in initial therapy (< 10 dB decrease in PTA after primary therapy)Exclusion criteria:
medical or central diseases such as diabetes, hypertension, autoimmune disorders, syphilis, acoustic
schwannoma and others that may affect hearing recovery

Interventions General comparison: intratympanic corticosteroid therapy versus no treatment
Intervention group | (n =21*): "intratympanic therapy": intratympanic injection of dexamethasone, 5
mg/mL, 0.3 to 0.4 mL, 4 injections total, 2 x per week
Comparator group (n =25%*): "no therapy": none
Use of additional interventions (common to both treatment arms): none
*intention-to-treat analysis

Outcomes Primary outcome measure:
« Proportion of patients whose hearing isimproved (criterion ofimprovement > 10 dB decrease in PTA)
Secondary outcomes:
« Changein hearing threshold of pure tone average
» Frequency-specific changes with pure tone audiometry
Primary endpoint for hearing threshold evaluation: 56 days
Used PTA: 4PTA (0.5, 1, 2, 3 kHz)

Funding sources Research Foundation Grant funded by the Korean Government (MOEHRD, Basic Research Promotion
Fund) (KRF-2006-E00081)

Declarations of interest No information provided

Notes —

Risk of bias
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Lee 2011 (Continued)

Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "This case-controlled study was prospectively designed", "Forty-six pa-
tion (selection bias) tients were randomly classified into two groups"

Method of random sequence generation is not described.

Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)

Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No missing outcome data reported.
(attrition bias)
All outcomes

Selective reporting (re- High risk Missing standard deviation in reporting of hearing improvement.
porting bias)
Not all pre-specified follow-up time points were reported.

Other bias High risk No sample size calculation performed.
Unexplained difference in numbers of patients between groups.

Treatment delay from onset to secondary treatment in patients not reported,
but reported treatment delay to initial treatment and duration of initial treat-

ment.
Li2011
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 15 days duration of treatment and 2-
month duration of follow-up
Participants Setting: tertiary referral centre, China, July 2006 to September 2009
Sample size:
« Number randomised: 65
« Number completed: 65
Primary/secondary therapy: secondary therapy after failure of primary therapy
Primary therapy: 1 mg/kg prednisolone each day for 5 days followed by a division into 4 doses with a
gradual tapering over the course of 9 days
Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of initial treatment/start of treatment:
« Group I (intratympanic): 53.5 (18 to 72) y/9 m, 15 f/60.7 + 58.79 dB HL/not reported/not reported
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« Group Il (ear canal): 50.0 (21 to 69) y/10 m, 11 f/61.9 + 50.87 dB HL/not reported/not reported
« Group lll (no treatment): 51.0 (22 to 73) y/7 m, 13 f/60.8 + 49.19 dB HL/not reported/not reported

Inclusion criteria: 1) SSNHL, which was defined as a sensorineural hearing loss of at least 30 dB at 3
contiguous frequencies over a period of < 3 days; 2) time from the onset of hearing loss to the treat-
ment was < 14 days; 3) no history of ear diseases; 4) no specific causes for the SSNHL after proper inves-
tigation; 5) primary therapy (see above); 6) average of PTA was < 30 dB for the affected ear or <10 dB
from the contralateral ear at the end of primary treatment

Exclusion criteria: 1) bilateral hearing loss; 2) other contraindications to the administration of in-
tratympanic (IT) steroids; 3) the presence of a neoplasm or recent chemotherapy or radiation therapy;
4) congenital cochlear malformations or the presence of otitis media with an abnormal tympanogram;
5) recent use of ototoxic medications; 6) liver or renal dysfunction, and/or 7) pregnancy

Interventions

General comparison: intratympanic corticosteroids versus ear drops or versus no therapy

Intervention group (n = 24*): "intratympanic therapy": intratympanic injection of methylpred-
nisolone, 40 mg/mL, 1 mL, 4 injections total, 2 x every 3 days within 15 days

Comparator group | (n =21*): "ear canal drops": methylprednisolone, 40 mg/mL, 1 mL as drops in ear
canal onto intact tympanic membrane, 4 applications total, 1x every 3 days within 15 days

Comparator group Il (n =20*): "no treatment": none
Use of additional interventions (common to all treatment arms): none

*intention-to-treat analysis

Outcomes

Primary outcome measure:
« Changein hearing threshold with pure tone audiometry
Secondary outcomes:

« Proportion of patients whose hearing is improved (criterion of improvement > 10 dB decease in PTA)
» Adverse events

Primary endpoint for hearing threshold evaluation: 60 days

Used PTA: 4PTA (0.5, 1,2, 4 kHz)

Funding sources

Ministry of Education New Faculty Foundation (20090171120082) and Guangdong Province Medical
Science Foundation (B2009075)

Declarations of interest

No information provided

Notes The treatment arm patients treated by corticosteroid ear canal drops were not included in the meta-
analysis because they cannot be assigned to either the intratympanic or systemic treatment condition
in our opinion

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "[patients] were randomly divided into the IT treatment group (n = 24),
the ear drop group (n =21), and the control group (n =20)."

Method of random sequence generation is not described.

Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
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Li 2011 (Continued)

Blinding of participants Low risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No missing outcome data reported.

(attrition bias)

All outcomes

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by

porting bias) the review.

Other bias High risk No sample size calculation performed.
Treatment delay from onset to secondary treatment in patients not reported.
Unexplained difference in numbers of patients among groups.

Lim 2013
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 2 weeks duration of treatment and 2 to 3

weeks duration of follow-up

Participants

Setting: tertiary referral centre, Republic of Korea, July 2008 to November 2011
Sample size:

« Number randomised: 60
+ Number completed: 60

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:

+ Group I (intratympanic): 53.3+15.3y/11 m, 9f/58.9+31.2dBHL/10.1+8.1d
« Group Il (combined): 47.8 + 14.2 y/10 m, 10 f/56.8 + 28.3dBHL/9.6 + 7.5 d
« Group Il (systemic): 51.3 +14.5y/10 m, 10 f/57.8 + 28.5dB HL/5.4+3.1d

Inclusion criteria: ISSNHL with acute onset of hearing loss greater than 30 dB in 3 consecutive fre-
quencies occurring within 3 daysExclusion criteria: acoustic trauma, barotrauma, Méniere’s disease,
tumour disease, autoimmune disease, infection

Interventions

General comparison: intratympanic versus combined versus systemic corticosteroid therapy

Intervention group I (n =20*): "intratympanic therapy": intratympanic injection of dexamethasone 5
mg/mL, 0.3 to 0.4 mL, 4 injections total, 2x per week

Intervention group Il (n =20*): "combined therapy": treatment as in intervention group | and com-
parator group combined

Comparator group (n =20*): "systemic therapy": oral prednisolone, 60 mg per day for 5 days, 40 mg
per day for 2 days, 20 mg per day for 2 days and 10 mg per day for 1 day

Intratympanic corticosteroids for sudden sensorineural hearing loss (Review)
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Lim 2013 (Continued)

Use of additional interventions (common to all treatment arms): none

*intention-to-treat analysis

Outcomes

Primary outcome measure:

+ Change in hearing threshold with pure tone audiometry

Secondary outcomes:

 Proportion of patients whose hearing isimproved (criterion of improvement > 10 dB decrease in PTA)
and frequency range specific changes with pure tone audiometry

Primary endpoint for hearing threshold evaluation: intervention groups: 21 days, control group: 17

days

Used PTA: 4PTA (0.5, 1,2, 3 kHz)

Funding sources

None declared

Declarations of interest

None declared

Notes

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  High risk Quote: "method of randomization is a consecutive allocation by visit se-

tion (selection bias) quence."

Allocation concealment High risk No allocation concealment possible because of the method of random se-
(selection bias) quence generation used.

Blinding of participants Low risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "patient treatment condition were blinded only to outcome assessors"
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No missing outcome data reported.

(attrition bias)

All outcomes

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.

Other bias High risk Difference in time of treatment delay from onset between groups.

Longer follow-up time in the intervention groups (27 days) than in the control
group (17 days).
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Peng 2008

Study characteristics

Methods

Non-blinded, parallel-group randomised controlled trial with 10 or 20 days duration of treatment and a
17 or 27 days duration of follow-up

Participants

Setting: tertiary referral centre, China, 2005 to 2007
Sample size:

« Number randomised: 84
+ Number completed: 84

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of treatment:

« Group I (intratympanic): 43.8 + 13.4 y/not provided/72.0 + 18.6 dBHL/6.2 +2.4d

« Group Il (pharyngotympanic tube): 42.5 + 11.6 y/not provided/71.0 + 18.7 dB HL/5.8 +3.5d
« Group Ill (systemic intravenous): 45.2 + 11.5 y/not provided/70.0 £ 17.6 dBHL/5.2 +3.1d

« Group IV (systemic oral): 42.1 + 10.2 y/not provided/69.0 + 16.5 dB HL/5.2+2.8d

Inclusion criteria: unilateral ISSNHL
Exclusion criteria: middle ear or retrocochlear disease, previous history of hearing loss, previously
treatment, age over 65 years

Interventions

General comparison: intratympanic corticosteroids versus injection of corticosteroids through
pharyngotympanic tube versus systemic corticosteroids by intravenous and oral administration

Intervention group I (n = 21*): "intratympanic therapy": intratympanic injections of dexamethasone 5
mg, 10 injections in total, 1x every day for 10 days

Intervention group Il (n =21*): "injection through pharyngotympanic tube": injections of dexametha-
sone 5 mg with pharyngotympanic tube catheter, 10 injections in total, 1x every day for 10 days

Comparator group | (n =21*): "systemic therapy i.v.": dexamethasone intravenous 10 mg per day for 4
days; after 4 days 5 mg per day for 6 days

Comparator group Il (n =21*): "systemic therapy p.o.": dexamethasone oral 0.75 mg, 3 times per day;
after 7 days, 0.75 mg, 2 times per day for 3 days

Use of additional interventions (common to all treatment arms): intravenous low molecular dex-
tran 500 mL, buflomedil 0.2 g, energy mixture. Intramuscular injection of vitamin B1 0.1 g, B12 0.5 mg,
once a day for 10 days

Patients underwent 1 or 2 treatment cycles depending on pure tone audiometry after the first treat-
ment cycle.

*intention-to-treat analysis

Outcomes

Primary outcome measure:

« Proportion of patients whose hearing is improved (criterion of improvement > 15 dB decease in PTA)
Secondary outcomes:

+ Change in hearing threshold with pure tone audiometry

Primary endpoint for hearing threshold evaluation: 17 or 27 days

Used PTA: 4PTA (0.5, 1,2, 4 kHz)
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Peng 2008 (continued)

Funding sources

No information available

Declarations of interest

No information provided

Notes Data from the oral systemic treatment arm were included in the review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Randomisation according to date of visit of patients.

tion (selection bias)

Allocation concealment High risk No allocation concealment possible because of the method of random se-

(selection bias) quence generation used.

Blinding of participants Low risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No missing outcome data reported.

(attrition bias)

All outcomes

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by

porting bias) the review.

Other bias High risk No sample size calculation performed.
Wide range of treatment delay from onset among included patients.
Different time of treatment (10 or 20 days) and follow-up (17 or 27 days) be-
tween patients within groups.

Plontke 2009
Study characteristics
Methods Triple-blinded, parallel-group randomised controlled trial with 2 weeks duration of treatment and 2

weeks duration of follow-up

Participants

Setting: multicentre trial, Germany, June 2003 to March 2006
Sample size:

« Number randomised: 23
« Number completed: 21

Primary/secondary therapy: secondary therapy after failure of primary therapy
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Plontke 2009 (continued)

Primary therapy: intravenous prednisolone 250 mg/day for 3 days, followed by a dose reduction of
50% every 2 days together with systemic rheological medication (pentoxifylline, 3 x 400 mg/day) and
an antioxidant drug (alpha lipoic acid, 1 x 600 mg/day)

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of initial treatment/start of treatment/baseline SRT/baseline SD (max):

« Group I (intratympanic): 53 + 21 y/8 m, 3 f/98.5 + 18.2 dB HL/not reported/14.7 + 2.5 d/114.8 + 10.6
dB SPL/0.0 £0.0%

« Group Il (placebo): 56 + 15 y/5 m, 5 f/96.0 + 26.0 dB HL/not reported/14.7 + 3.2 d/114.2 + 11.5 dB
SPL/0.0 +£0.0%

Inclusion criteria: 1) age between 18 and 75, 2) diagnosis of sudden (occurring within 72 hours), uni-
lateral, sensorineural hearing loss (ISSNHL) between 12 and 21 days before randomisation, 3) hearing
threshold of = 50 dB HL for 3 or more frequencies in standard pure tone, air-conducted audiogram with-
in the range of 0.5 to 4 kHz (0.5, 1, 2, 3 and 4 kHz), = 60 dB for 2 or =2 70 dB HL for any frequency within
this range, or a speech reception threshold of = 70 dB SPL or a speech discrimination score of < 30%, 4)
insufficient recovery of hearing after systemic standard therapy, that is, a hearing threshold in the con-
tralateral ear of at least 20 dB HL better than the affected ear in at least 3 frequencies between 0.5 to 4
kHz in addition to 3)

Exclusion criteria: 1) middle or external ear disease; 2) conductive hearing loss = 10 dB; 3) bilateral
ISSNHL; 4) acute hearing loss other than ISSNHL, for example, acoustic trauma, Méniére's disease, fluc-
tuating hearing loss, endolymphatic hydrops, suspected retro-cochlear lesion, hearing loss after ear
surgery, perilymphatic fistula or barotraumas; 5) ototoxic treatment such as chemotherapy or loop di-
uretics; 6) history of an ischaemic disorder (stroke, heart attack, peripheral arterial occlusion disease)
or autoimmune disease; 7) any severe psychiatric or neurological disease (e.g. epilepsy, Parkinson’s
disease, dementia/Alzheimer’s disease, suspected neuroborreliosis, multiple sclerosis)

Interventions

General comparison: intratympanic corticosteroid therapy versus placebo

Intervention group (n = 10*): "intratympanic therapy": continuous intratympanic application of dex-
amethasone by round window catheter, 4 mg/mL, total intratympanic volume of 2.016 mL over 14 days

Comparator group (n =10*): "placebo": continuous intratympanic application of NaCl/0.9% by round
window catheter (placebo), total intratympanic volume of 2.016 mL over 14 days

Use of additional interventions (common to both treatment arms): none

*intention-to-treat analysis

Outcomes

Primary outcome measure:
+ Change in hearing threshold with pure tone audiometry
Secondary outcomes:

+ Changes averaged over all measured frequencies between 0.125 and 8 kHz (9PTA), and in speech au-
diometry (SRT, SDS and SDmax)

« Vertigo (yes vs no)

« Improvement of hearing (variance analysis) and success (according to 2 definitions, criterion of im-
provement > 30 dB HL or > 50% recovery in relation to unaffected ear in PTA)

+ Adverse events
Primary endpoint for hearing threshold evaluation: 14 days

Used PTA: 4PTA (0.5, 1, 2, 3 kHz)

Funding sources

State Ministry of Baden-Wuerttemberg for Sciences, Research and Arts (Germany) through University of
Tiibingen, Germany

Declarations of interest

No information provided
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Plontke 2009 (continued)

Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer random number generator was used (not mentioned in paper, but
tion (selection bias) the protocol is known).
Allocation concealment Low risk Sequentially numbered drug containers of identical appearance (not men-
(selection bias) tioned in paper, but the protocol is known).
Blinding of participants Low risk Patients and study personnel were blinded to treatment (placebo-controlled).
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Outcome assessors were blinded (placebo-controlled).
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Reported moderate missing outcome data (5% to 10%) balanced in numbers
(attrition bias) across intervention groups (8.6%).
All outcomes
Selective reporting (re- Low risk All pre-specified endpoint measurements of outcome parameters addressed
porting bias) by the review are reported.
Other bias High risk Early endpoint of 14 days after start of treatment only.
Qu 2015
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 10 days duration of treatment and a 10

days duration of follow-up

Participants

Setting: tertiary referral centre, China, July 2012 to July 2014
Sample size:

« Number randomised: 188
« Number completed: 188

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of treatment:

« Group I (intratympanic): 16; 30; 11*/32 m, 25 f/not provided/not provided
« Group Il (post auricular): 18; 30; 14*/30 m, 32 f/not provided/not provided
« Group Il (systemic): 21; 35; 13*/36 m, 33 f/not provided/not provided

« *nfor18to40;41t059;>60y

Inclusion criteria: diagnosis of ISSNHL, age 18 to 65 years; onset was less than 2 weeks and no previ-
ously treatment
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Qu 2015 (Continued)

Exclusion criteria: family history of deafness, previous history of otitis media, external or middle ear
disease, ototoxic drug use or long-term exposure to noise

Interventions

General comparison: intratympanic corticosteroids versus post auricular injection of corticosteroids
and systemic corticosteroids

Intervention group (n = 57*): "intratympanic therapy": intratympanic injections of methylpred-
nisolone 40 mg, 5 injections in total, 1 x every 2 days for 10 days

Comparator group | (n =62*): "post auricular injection": post auricular injection of methylpred-
nisolone 40 mg, 5 injections in total, 1 x every 2 days for 10 days

Comparator group Il (n = 69*): "systemic therapy": methylprednisolone 80 mg intravenous once a
day, after 4 days reduced to 40 mg once a day for 3 days

Use of additional interventions (common to all treatment arms): vasodilators, neurotropic drugs, anti-
coagulant drugs for 10 days

*intention-to-treat analysis

Outcomes

Primary outcome measure:

« Proportion of patients whose hearing is improved (criterion of improvement > 15 dB decease in PTA)
Secondary outcomes:

» Adverse events

Primary endpoint for hearing threshold evaluation: 10 days

Used PTA: information not provided

Funding sources

No information available

Declarations of interest

No information provided

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Patients were randomised after random number table.
tion (selection bias)
Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)
Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No missing outcome data reported.
(attrition bias)
All outcomes
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Qu 2015 (Continued)

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.
Other bias High risk No sample size calculation performed.

Treatment delay from onset to initial therapy in patients not reported.
Hearing loss before treatment not adequately reported
Early endpoint of 10 days after start of treatment only.

Unexplained difference in number of patients between treatment arms.

Rauch 2011

Study characteristics

Methods Non-blinded, parallel-group randomised controlled trial with 2 weeks duration of treatment and a 6-
month duration of follow-up

Participants Setting: multicentre trial, USA, December 2004 to October 2009
Sample size:
« Number randomised: 255
« Number completed: 221
Primary/secondary therapy: primary therapy
Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of treatment/baseline WRS:
« Group | (intratympanic): 51.3y (95% Cl 48.8 to 53.9)/m:f = 1.5:1/86.4 dB HL (95% Cl 82.8 to 90.0)/7.0

d (95% Cl 6.4 t0 7.6)/15.9% (95% CI 12.0 to 19.7)
« Group Il (systemic): 50.4 y (95% Cl 47.9 to 52.8)/m:f=1.6:1/86.7 dB HL (95% C1 82.9t0 90.6)/6.7 d (95%
Cl16.1to 7.4)/14.0% (95% CI 10.3 to 17.7)

Inclusion criteria: age > 18 years, unilateral SNHL that developed within 72 hours and was present for
<14 days, PTA > 50 dB and the affected ear must have been >30 dB worse than the contralateral ear in
at least 1 of the 4 PTA frequencies, to the best of the participant’s knowledge, hearing must have been
symmetric prior to onset of SSNHL
Exclusion criteria: structural or retrocochlear pathology, participants were neither known nor expect-
ed to have had any preceding otolaryngological encounters

Interventions General comparison: intratympanic versus systemic corticosteroid therapy
Intervention group (n = 129*): "intratympanic therapy": intratympanic 40 mg/mL of methylpred-
nisolone, 1 mL, 1x every 3 to 4 days over 2 weeks
Comparator group (n =121*): "systemic therapy": oral 60 mg/d for 14 days, followed by a 5-day taper
(50 mg, 40 mg, 30 mg, 20 mg and to 10 mg), for a total of 19 days
Use of additional interventions (common to both treatment arms): none
*intention-to-treat analysis

Outcomes Primary outcome measure:
« Change in hearing threshold with pure tone audiometry (at 2-month follow-up)
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Rauch 2011 (continued)

Secondary outcomes:

« Change in hearing threshold at 6-month follow-up and change in hearing threshold with speech au-

diometry

« Difference in PTA between affected and unaffected ears

» Adverse events

Primary endpoint for hearing threshold evaluation: 60 days

Used PTA: 4PTA (0.5, 1,2, 4 kHz)

Funding sources

Quote: "This study was funded by grant U01-DC006296 from the National Institute on Deafness and
Communication Disorders (USA)."

Declarations of interest

Quote: "All authors have completed and submitted the ICMJE Form for Disclosure of Potential Conflicts
of Interest. Dr Harris reported that he has a financial interest in Otonomy Inc. Drs Rauch, Carey, Gantz,
and Harris reported that they have served as paid consultants of Otonomy, and Drs Rauch, Gantz, and
Linstrom reported that they have been investigators in a clinical trial supported by Otonomy Inc; other-
wise, no other conflicts were reported."

Notes This study is registered in clinicaltrials.gov (NCT00097448)

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Permuted block randomization stratified by study site ... was accom-

tion (selection bias) plished by telephone call to the data coordinating center." "The randomiza-
tion codes were computer generated ... Only personnel at the data coordinat-
ing center had access to the codes"

Allocation concealment Low risk Quote: "Permuted block randomization stratified by study site ... was accom-

(selection bias) plished by telephone call to the data coordinating center." "The randomiza-
tion codes were computer generated ... Only personnel at the data coordinat-
ing center had access to the codes"

Blinding of participants Low risk Quote: "The participants and treating physicians were not blinded to treat-

and personnel (perfor- ment."

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "Audiologists were blinded to treatment".

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Low missing outcome data (< 5%).

(attrition bias)

All outcomes

Selective reporting (re- Low risk All pre-specified endpoint measurements of outcome parameters addressed

porting bias) by the review are reported.

Other bias Low risk No indication of other bias.
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Rupasinghe 2017

Study characteristics

Methods

Non-blinded, parallel-group randomised controlled trial with 15 days duration of treatment and 3-
month duration of follow-up

Participants

Setting: tertiary referral centre, Sri Lanka, September 2013 to August 2015
Sample size:

« Number randomised: 37
+ Number completed: 24

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:

« Group I: not reported/not reported/not reported/< 3 days: 11 participants, > 3 days: 6 participants
« Group II: not reported/not reported/not reported/< 3 days: 8 participants, > 3 days: 12 participants

Inclusion criteria: 1) patients with a hearing loss of more than 10 dB HL in 3 consecutive frequencies;
2) patients presenting within 2 weeks of onset of hearing loss; 3) patients with diabetes mellitus were
included with a referral to the resident physician regarding glycaemic control

Exclusion criteria: 1) patients who have already been diagnosed and treated; 2) patients on ototoxic
medication

Interventions

General comparison: intratympanic versus systemic corticosteroid therapy

Intervention group (n =17*): "intratympanic therapy": intratympanic dexamethasone 0.3 to 0.5 mL
and weekly up to 3 doses

Comparator group (n =20*): "systemic therapy": oral prednisolone 60 mg per day for 5 days
Use of additional interventions (common to both treatment arms): none

*per protocol analysis (at 1-month follow-up)

Outcomes

Primary outcome measure:
« Proportion of patients whose hearing is improved (criterion of improvement not specified)
Secondary outcomes:

+ Proportion of patients who are satisfied with treatment
« Adverse events

Primary endpoint for hearing threshold evaluation: 90 days

Used PTA: not specified

Funding sources

No information available

Declarations of interest

No information provided

Notes The follow-up time point at 1 month was included in the meta-analysis instead of 3 months because of
a high loss to follow-up rate at the 3-month time point
Risk of bias
Bias Authors' judgement  Support for judgement
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Rupasinghe 2017 (continued)

Random sequence genera-  High risk Quote: "[Patients] were alternatively allocated to the two treatment groups ac-
tion (selection bias) cording to the register."

Allocation concealment High risk No allocation concealment possible because of the method of random se-
(selection bias) quence generation used.

Blinding of participants Low risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Rate of reported missing outcome data more than 10% (35.1%)).

(attrition bias)

All outcomes

Selective reporting (re- High risk Criteria for hearing improvement in patients not reported.

porting bias)

Other bias High risk No sample size calculation performed.

Patients with very mild hearing loss included (> 10 dB HL).

Hearing threshold before treatment not reported.

Treatment delay from onset in patients not adequately reported.
Difference in treatment delay from onset in patients between groups.

Single authorship generally exhibits a certain risk of bias.

Swachia 2016

Study characteristics

Methods

Non-blinded, parallel-group randomised controlled trial with 2 weeks duration of treatment and 2-
month duration of follow-up

Participants

Setting: tertiary referral centre, India, dates not provided
Sample size:

« Number randomised: 42
+ Number completed: 42

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of treatment:

+ Group I (intratympanic): not reported/not reported/66.1 + 24.2 dB HL/not reported
« Group Il (systemic): not reported/not reported/61.0 + 22.0 dB HL/not reported
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Swachia 2016 (Continued)

Inclusion criteria: > 18 years, SSNHL meeting NIDCD criteria, occurred within a course of 14 daysEx-
clusion criteria: prior history of ear disease, history of noise-induced trauma, congenital hearing loss,
pregnancy, contraindication for steroids, history of head and neck cancer, undergone radiotherapy

Interventions General comparison: intratympanic versus systemic therapy

Intervention group (n =20*): "intratympanic therapy": intratympanic injection of methylpred-
nisolone, 40 mg/mL, 4 injections total, 2 times per week

Comparator group (n=22*): "systemic therapy": oral prednisone 1 mg/kg for 10 days, then 0.5 mg/kg
for 2 days, 0.25 mg/kg for 2 days

Use of additional interventions (common to both treatment arms): none

*intention-to-treat analysis

Outcomes Primary outcome measure:
+ Change in hearing threshold with pure tone audiometry
Secondary outcomes:

« Proportion of patients whose hearing is improved (criterion of improvement > 10 dB HL decrease in
PTA, Furuhashi's criteria)

+ Adverse events
Primary endpoint for hearing threshold evaluation: 60 days

Used PTA: 4PTA (0.5, 1, 2, 4 kHz)

Funding sources None declared

Declarations of interest Quote: "The funding organization(s) played no role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the decision to submit the report for publica-
tion" (organisation(s) not further specified).

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "Patients ... were randomly divided into two groups".

tion (selection bias)
Method of random sequence generation is not described.

Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)

Blinding of participants Low risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No missing outcome data reported.
(attrition bias)
All outcomes
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Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.
Other bias High risk No sample size calculation performed.
Treatment delay from onset in patients not reported.
Unexplained difference in numbers of patients between groups.
Tong 2021
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 10 days duration of treatment and 5

weeks duration of follow-up

Participants

Setting: tertiary referral centre, China, October 2013 to June 2014
Sample size:

« Number randomised: 96
+ Number completed: 90

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of treatment:

« Group I (intratympanic): 40.2 +20.4y/17 m, 13 f/68.1 +23.5dBHL/4.9+3.1d
+ Group Il (systemicoral): 42.9+19.4y/15m, 15 f/65.5+20.5dBHL/5.1+3.4d
« Group Il (systemic intravenous): 44.9 +21.3y/17 m, 13f/66.49 +21.4dB HL/5.1 +2.7d

Inclusion criteria: 1) unilateral ISSNHL of > 20 dB hearing level (HL) in least 3 consecutive frequencies,
that occurred within = 3 days without any identifiable cause, 2) a type A tympanogram, 3) a normal or
almost-normal HL in the contralateral ear (a 6-frequency pure tone average [PTA] of <30 dB HL), 4) an
interval from the onset of symptoms to the beginning of therapy of < 14 days, 5) no history of disease

in the affected ear, 6) no previous treatment, 7) age = 18 yearsExclusion criteria: 1) the presence of a
retrocochlear lesion or a neoplasm, 2) a history of chronic otitis media in the affected ear, 3) the pres-
ence of congenital cochlear malformations, 4) inadequate follow-up after treatment (i.e. <4 weeks), 5)
recent use of ototoxic medications, 6) pregnancy, 7) a history of genetic sensorineural hearing loss, and
8) reported acoustic trauma or barotrauma

Interventions

General comparison: intratympanic versus systemic corticosteroid therapy

Intervention group I (n =30*): "intratympanic therapy": intratympanic 0.6 mL of 40 mg/mL methyl-
prednisolone every second day for 10 days

Comparator group | (n =30*): "systemic therapy oral": oral methylprednisolone 0.8 mg/kg/day for the
first 5 days and 8 mg/day for the next 5 days.

Comparator group Il (n =30*): "systemic therapy intravenous": intravenous methylprednisolone 0.8
mg/kg/day for the first 5 days and 8 mg/day for the next 5 days.

Use of additional interventions (common to all treatment arms): none

*per protocol analysis

Outcomes

Primary outcome measure:
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Tong 2021 (Continued)

« Proportion of patients whose hearing isimproved (criterion ofimprovement > 10 dB decrease in PTA)
Secondary outcomes:

+ Change in hearing threshold with pure tone audiometry
+ Adverse events

Primary endpoint for hearing threshold evaluation: 38 days

Used PTA: 6PTA (0.25,0.5, 1, 2, 4, 8 kHz)

Funding sources

The study was supported by the Education Department of Anhui Province (project No. 2014KJ: 120)

Declarations of interest

None declared

Notes Only the treatment arm with oral corticosteroids was included in the meta-analysis as the compara-
tor to the intratympanic treatment arm because systemic groups in most of other studies were treated
with oral corticosteroids.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Quote: "The randomization technique was a consecutive allocation by the visit

tion (selection bias) sequence."

Allocation concealment High risk No allocation concealment possible because of the method of random se-

(selection bias) quence generation used.

Blinding of participants Low risk Open-label trial, no blinding.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "The outcome assessors were blinded as to the treatment method

sessment (detection bias) used".

All outcomes

Incomplete outcome data  Low risk Reported moderate missing outcome data (5% to 10%) balanced in numbers

(attrition bias) across intervention groups (6.3%).

All outcomes

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by

porting bias) the review.

Other bias High risk No sample size calculation performed.

Criteria for successful treatment was defined as > 30 dB HL decrease of PTA but
used was > 10 dB HL decrease.

Tsounis 2018

Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 10 days duration of treatment and 3-
month duration of follow-up
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Tsounis 2018 (Continued)

Participants

Setting: multicentre trial, Greece, September 2013 to September 2016
Sample size:

« Number randomised: 120
« Number completed: 102

Primary/secondary therapy: primary therapy

Participant (baseline) characteristics: age/sex (male, female)/hearing loss at start of therapy/start of
treatment:

« Group I (intratympanic): 53.2 + 12.0y/18 m, 16 f/81.4 + 23.3 dBHL/4.6 +3.0d
« Group Il (combined): 51.7 + 15.8 y/18 m, 15 f/79.1 +25.1 dBHL/4.0+3.9d
« Group Il (systemic): 50.1 +17.3y/20 m, 15f/81.1 +28.8 dBHL/3.1+3.0d

Inclusion criteria: 18 years or older, ISSNHL with minimum 30 dB HL hearing loss in 3 consecutive oc-
taves that had occurred within a course of 3 days, hearing thresholds of the affected frequencies must
have been 55 dB HL or higher, the affected ear must have been at least 30 dB HL worse than the con-
tralateral ear in at least 1 of the affected frequencies, symmetric hearing prior to onset of sensorineural
hearing loss, type A tympanogram

Exclusion criteria: any recognised cause of SSHL such as Méniére's disease, acoustic neuroma or oth-
er retrocochlear lesions, any previous treatment for the specific episode of ISSNHL, interval of more
than 14 days from the onset of the disease to initiation of the treatment and any contraindication to
the use of systemic steroids, such as uncontrolled diabetes mellitus or hypertension. Conductive or
mixed hearing loss.

Interventions

General comparison: intratympanic versus combined versus systemic corticosteroid therapy

Intervention group | (n = 34*): "intratympanic therapy": intratympanic 0.4 to 0.6 mL of 62.5 mg/mL
methylprednisolone on day 1, 3, 5, 10

Intervention group Il (n = 33*): "combined therapy": intratympanic injection + intravenous as in inter-
vention group | and comparator group

Comparator group (n = 35*): "systemic therapy": intravenous 1 mg/kg prednisolone per day for 7 days
followed by 0.5 mg/kg per day for 3 days, continuing with oral 32 mg/day methylprednisolone for 4
days followed by 16 mg/day for 3 days

Use of additional interventions (common to all treatment arms): none

*per protocol analysis

Outcomes

Primary outcome measure:
« Change in hearing threshold with pure tone audiometry
Secondary outcomes:

» Proportion of patients whose hearing is improved (criterion of improvement > 15 dB decrease in PTA)
+ Adverse events

Primary endpoint for hearing threshold evaluation: 90 days

Used PTA: 4PTA (0.5, 1,2, 4 kHz)

Funding sources

No information available

Declarations of interest

None declared

Notes This study is registered in the international scientific database Australian New Zealand Clinical Trials
Registry (ANZCTR, ID: ACTRN12613001032741)
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Tsounis 2018 (Continued)

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "Randomization was accomplished by generating sequential random
tion (selection bias) numbers (sequential randomization) using a computer-based software."
Allocation concealment Low risk Quote: "The random numbers were placed in closed envelopes and were given
(selection bias) sequentially to every patient that was recruited."”
Blinding of participants Low risk Quote: "Treating physicians and patients were aware of the allocated arm."
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "The physicians that performed the audiologic assessment and data
sessment (detection bias) analysis were kept blinded to the allocation."
All outcomes
Incomplete outcome data  High risk Rate of reported missing outcome data more than 10% (15%).
(attrition bias)
All outcomes
Selective reporting (re- Low risk All pre-specified endpoint measurements of outcome parameters addressed
porting bias) by the review are reported.
Other bias Low risk No indication of other bias.

Wu 2011
Study characteristics
Methods Triple-blinded, parallel-group, randomised controlled trial with 14 days duration of treatment and 1-

month duration of follow-up

Participants

Setting: multicentre trial, China, October 2007 to September 2008
Sample size:

+ Number randomised: 60
« Number completed: 55

Primary/secondary therapy: secondary therapy after failure of primary therapy

Primary therapy: 5 days of an intravenous steroid therapy with Solu-Medrol 40 mg every 12 h, plus 5
days of tapering with oral prednisolone starting from a daily divided dose of 1 mg/kg

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of initial treatment/start of treatment:

« Group I (intratympanic): 49.1 + 14.2 y/9 m, 18 f/64.6 + 17.7 dB HL/4.4 + 1.6 d/not reported
« Group Il (placebo): 47.4 + 15.7y/9 m, 19 f/69.9 + 18.5 dB HL/4.7 + 1.9 d/not reported

Inclusion criteria: 1) sudden unilateral sensorineural hearing loss (occurring within 72 h) of greater
than 30 dB in at least 3 contiguous frequencies, 2) normal or nearly normal hearing in the better ear (4-
frequency pure tone average (PTA) <30 dB), 3) currently receiving systemic steroid therapy that started
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Wu 2011 (Continued)

within 7 days of SSHL onset, 4) a post-systemic therapy PTA difference between impaired and healthy
ears of greater than 20 dB, 5) a type A tympanogram and 6) older than 18 years

Exclusion criteria: 1) the presence of a neoplasm or retrocochlear lesion, 2) the presence of congenital
cochlear malformations, 3) the presence of otitis media, 4) the presence of other neurologic disorders,
5) recent use of ototoxic medications, 6) liver or renal dysfunction and 7) pregnancy

Interventions

General comparison: intratympanic corticosteroids versus placebo

Intervention group (n =27*): "intratympanic therapy": intratympanic injection of dexamethasone, 4
mg/mL, 0.5 mL, 4 injections total, 1x every 4 days

Comparator group (n =28*): "placebo": intratympanic injection of normal saline, 0.5 mL, 4 injections
total, 1x every 4 days

Use of additional interventions (common to both treatment arms): none

*per protocol analysis

Outcomes

Primary outcome measure:
« Changein hearing threshold with pure tone audiometry
Secondary outcomes:

« Proportion of patients whose hearing isimproved (criterion ofimprovement > 10 dB decrease in PTA)
+ Adverse events

Primary endpoint for hearing threshold evaluation: 30 days

Used PTA: 4PTA (0.5, 1, 2, 4 kHz)

Funding sources

No information available

Declarations of interest

No information provided

Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "independent physician used a computer-generated randomisation
tion (selection bias) schedule".
Allocation concealment Low risk Quote: "computer-generated randomisation list was given to the pharmacy
(selection bias) departments".
Blinding of participants Low risk Quote: "The principal physician was blind to the drugs, .... The subjects were
and personnel (perfor- blinded to the drugs."
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "...and the audiologists were blind to the subjects".
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk Reported moderate missing outcome data (5% to 10%) was related to the ad-
(attrition bias) vised treatment arm (8.3%).
All outcomes
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Wu 2011 (Continued)
Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.
Other bias High risk No sample size calculation performed.

Treatment delay to secondary therapy in patients not reported.

Xenellis 2006

Study characteristics

Methods

Non-blinded, parallel-group randomised controlled trial with 2 weeks duration of treatment and 2-
month duration of follow-up

Participants

Setting: tertiary referral centre, Greece, no dates provided
Sample size:

+ Number randomised: 37
+ Number completed: 37

Primary/secondary therapy: secondary therapy after failure of primary therapy

Primary therapy: prednisolone intravenous, 1 mg/kg per day for 10 days, divided in 3 doses, gradually
tapered for 5 days. Acyclovir, 4 g/day for 5 days, divided in 5 doses. Buflomedil hydrochloride, 300 mg,
divided in 3 doses, for 10 days.

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of initial treatment/start of treatment:

« Group I (intratympanic): 50.9 y/9 m, 10 f/70.1 + 20.92 dB HL/11.8 + n.a. d/not reported
« Group Il (no treatment): 50.3 y/8 m, 10 f/68.9 + 16.97 dB HL/8.1 + n.a. d/not reported

Inclusion criteria: 1) SSHL, defined as a sensorineural hearing loss of at least 30 dB in 3 contiguous fre-
quencies over a period of 3 days or less, 2) time period from onset of hearing loss to treatment admin-
istration of 30 days or less, 3) no history of ear disease, 4) no specific cause for the SSHL after proper in-
vestigation, 5) pure tone 4-frequency (0.5, 1, 2 and 4 KHz) average (PTA) worse than 30 dB or worse than
10 dB from the contralateral ear at the end of primary treatmentExclusion criteria: not mentioned

Interventions

General comparison: intratympanic corticosteroids versus no therapy

Intervention group (n = 19*): "intratympanic therapy": intratympanic injection of methylpred-
nisolone, 40 mg/mL, 4 injections total, 1x every 4 days

Comparator group (n = 18*): "no treatment": none
Use of additional interventions (common to both treatment arms): none

*intention-to-treat analysis

Outcomes

Primary outcome measure:
» Proportion of patients whose hearing is improved (criterion of improvement > 10 dB decrease in PTA)
Secondary outcomes:

« Change in hearing threshold with pure tone audiometry and predictors for final hearing outcome
+ Adverse events

Primary endpoint for hearing threshold evaluation: 60 days
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Xenellis 2006 (continued)

Used PTA: 4PTA (0.5, 1, 2, 4 kHz)

Funding sources No information available

Declarations of interest No information provided

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "were randomized 1:1 into IT treatment or control group."

tion (selection bias)
Method of random sequence generation is not described.

Allocation concealment Unclear risk Method of concealment is not described.
(selection bias)

Blinding of participants Low risk Open-label trial, no blinding.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No missing outcome data reported.

(attrition bias)
All outcomes

Selective reporting (re- Low risk No indication of selective reporting in the outcome parameters addressed by
porting bias) the review.
Other bias High risk No sample size calculation performed.

Wide range of treatment delay from onset among included patients.

Treatment delay from onset to secondary treatment in patients not reported
but reported treatment delay to initial treatment (without standard deviation)
and duration of initial treatment.

Possible difference in treatment delay from onset between groups.
Completely equal baseline PTA is notable.

Missing improvement in control group is in contradiction to many other stud-
ies but is not discussed.

Zhou 2011
Study characteristics
Methods Non-blinded, parallel-group randomised controlled trial with 8 days duration of treatment and a 2-
month duration of follow-up
Participants Setting: tertiary referral centre, China, January 2004 to December 2006
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Zhou 2011 (continued)

Sample size:

« Number randomised: 78
+ Number completed: 76

Primary/secondary therapy: secondary therapy after failure of primary therapy (after 7 days of initia-
tion of primary treatment)

Primary therapy: 125 mg methylprednisolone intravenous for the first day, followed by 32 mg per day
oral for 5 days, 16 mg per day for 1 day. Naftidrofuryl 200 mg oral 3 times a day, diazepam 5 mg oral

3 times a day and low molecular weight heparin 0.4 mL subcutaneous 2 times day or low molecular
weight dextran 500 mL intravenous 4 times a day

Participant (baseline) characteristics: age/sex (male, female)/baseline hearing loss at start of thera-
py/start of initial treatment/start of treatment/baseline SDS:

« Group l (intratympanic): 53.8 +14.9y/24 m, 13f/68.4+21.6 dBHL/11.2+6.2d/11.2+6.2/not reported
« Group Il (systemic): 56.2 + 15.6 y/22 m, 17 f/not reported/9.6 + 8.3 d/9.6 + 8.3/not reported

Inclusion criteria: at least a 30 dB hearing loss occurring over 3 frequencies. The symptoms had to oc-
cur over a 72-hour period. "Poor prognosis" cases defined as meeting at least one of the following crite-
ria: 1) hearing loss > 70 dB HL for 3 subsequent 1-octave steps in frequency; 2) age of patient > 60 years;
3) the pattern of the audiogram flat or high-frequency hearing loss; 4) presence of severe vertigo, and 5)
time exceeded 2 weeks from onset to initial treatment; non- responsive to conventional therapy within
the first 7 days

Exclusion criteria: 1) a change of = 15 dB in pure tone average (PTA) at 4 frequencies (0.5, 1, 2, 4 kHz)
or anincrease = 15% in speech discrimination score (SDS) after the first 7 days of conventional steroid
therapy; 2) evidence of acute otitis media or chronic otitis media on examination; 3) evidence of retro-
cochlear disease evident on magnetic resonance imaging; 4) history of otologic surgery; 5) history of
Méniere's disease, autoimmune hearing loss, radiation-induced hearing loss or other potential aetiol-
ogy for sensorineural hearing loss; 6) history of genetic sensorineural hearing loss or known inner ear
anomaly; 7) history of fluctuation of hearing before or after intratympanic therapy

Interventions

General comparison: combined versus systemic corticosteroid therapy

Intervention group (n =37*): "combined therapy": intratympanic injections of methylprednisolone 40
mg/mL, 0,5 mL, 4 injections total, 1 x every 2 days + systemic corticosteroid as in comparator group

Comparator group (n = 39*): "systemic therapy": 16 mg methylprednisolone oral per day for 1 day and
8 mg per day for another 2 days (continuation of the primary therapy)

Use of additional interventions (common to both treatment arms): naftidrofuryl 200 mg oral 3
times a day, diazepam 5 mg oral 3 times a day and low molecular weight heparin 0.4 mL subcutaneous
2 times a day or low molecular weight dextran 500 mL intravenous 4 times a day

*modified intention-to-treat analysis

Outcomes

Primary outcome measure:
« Proportion of patients whose hearing is improved (criterion of improvement >15 dB decrease in PTA)
Secondary outcomes:

« Proportion of patients whose hearing is improved in speech audiometry (criterion of improvement >
15% in SDS)

« Adverse events
Primary endpoint for hearing threshold evaluation: 60 days

Used PTA: 4PTA (0.5, 1, 2, 4 kHz)

Funding sources

No information available
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No information provided

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Quote: "Each patient ... was given a consecutive number. The odd number pa-

tion (selection bias) tients were classified into a Control group... The even number patients were
classified into a TR (transtympanic steroid) group."
"Those patients who were classified into the TR group had a chance to choose
the treatment protocol."

Allocation concealment High risk Method of concealment is not described.

(selection bias)

Blinding of participants High risk Open-label trial, no blinding.

and personnel (perfor-

mance bias) Patients in the treatment group could refuse therapy after allocation.

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement (not mentioned).

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk No missing outcome data reported but 2 patients refused advised treatment

(attrition bias) (2.6%).

All outcomes

Selective reporting (re- High risk Not all pre-specified follow-up time points were reported.

porting bias)

Other bias High risk No sample size calculation performed.

Hearing threshold before treatment in control group not reported.

Inclusion criterion "Poor prognosis group" exhibits a possible bias in the selec-
tion of study population.

Early start of secondary therapy after 7 days only.

Treatment delay from onset to secondary treatment in patients not reported
but reported treatment delay to initial treatment and duration of initial treat-
ment.

ATP: adenosine triphosphate
Cl: confidence interval

CMV: cytomegalovirus

d: days

dB HL: decibels hearing level
f: female

h: hours

HL: hearing loss

HSV: herpes simplex virus

(I)SSNHL: (idiopathic) sudden sensorineural hearing loss

IT: intratympanic
m: male
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MRI: magnetic resonance imaging
n.a.: not available

NIDCD: National Institute on Deafness and Other Communication Disorders

PTA: pure tone average
SD: standard deviation

SDmax: maximum speech discrimination score

SDS: speech discrimination score
SE: standard error

SPL: sound pressure level

SRT: speech reception threshold
TM: tympanic membrane

WRS: word recognition score

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Amizadeh 2021

Double-blind, parallel-group randomised controlled trial conducted in Iran between June 2012 and
September 2019. It included 51 participants and compared intravenous followed by oral corticos-
teroid plus intratympanic corticosteroid versus oral corticosteroid alone as primary intervention.

It was excluded because the route of administration and dosage of systemic corticosteroid differed
between groups.

Attanasio 2015

Non-blinded, parallel-group randomised controlled trial conducted in Italy between January 2012
and December 2013. It included 55 participants and compared 2 different protocols of hyperbaric
oxygen therapy plus intratympanic corticosteroid treatment as primary intervention. The interven-
tion in both groups included hyperbaric oxygen therapy. This type of comparison was not part of
the review.

Berjis 2016

Non-blinded, parallel-group randomised controlled trial conducted in Iran between February 2012
and January 2013. It included 50 participants and compared corticosteroid treatment by intratym-
panic injection of methylprednisolone with intratympanic injection of dexamethasone as sec-
ondary intervention. In this study 2 intratympanic treatment protocols using 2 different intratym-
panically applied drugs were compared. This type of comparison was not part of the review.

Chang 2020

Non-blinded, parallel-group randomised controlled trial conducted in China between June 2012
and March 2015. It included 60 participants and compared intratympanic corticosteroid treatment
with ear drop corticosteroid treatment as primary intervention. This type of comparison was not
part of the review.

Chen 2015

Non-blinded, parallel-group randomised controlled trial conducted in China between June and De-
cember 2014. It included 68 participants and compared intratympanic corticosteroid treatment
with systemic corticosteroid treatment as primary intervention. The comparator group in this
study included a mixture of interventions. Most patients were treated with systemic steroids but a
subgroup of patients got additional intratympanic steroids as supplementary treatment.

Cho 2018

Non-blinded, parallel-group randomised controlled trial conducted in South Korea between July
2014 and September 2016. It included 60 participants and compared combined corticosteroid plus
hyperbaric oxygenation treatment with combined corticosteroid treatment alone as primary Inter-
vention. Hyperbaric oxygen therapy was included in the intervention group. This type of compari-
son was not part of the review.

Choo 2017

Non-blinded, parallel-group randomised controlled trial conducted in South Korea between July
2010 and November 2014. It included 117 participants and compared intratympanic corticosteroid
treatment, oral corticosteroid treatment and combined corticosteroid treatment as primary inter-
vention separated by low- or high-frequency hearing loss. A comparison of hearing improvement in
ISSNHL patients with low- and high-frequency hearing loss was not part of the review.
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Study

Reason for exclusion

Cvorovic 2013

Non-blinded, parallel-group randomised controlled trial conducted in Serbia between January
2005 and December 2011. It included 155 participants and compared hyperbaric oxygen therapy
with intratympanic injection of dexamethasone as secondary intervention. The intervention in the
comparator group is hyperbaric oxygen therapy. This type of comparison was not part of the re-
view.

Diao 2012

Non-blinded, parallel-group randomised controlled trial with 8 days duration of treatment con-
ducted in China between October 2010 and July 2011. It included 90 participants and combined in-
tratympanic plus systemic corticosteroid treatment with systemic corticosteroid treatment alone
as primary intervention. Study population included a high proportion of patients with bilateral
sudden hearing loss that raises doubt about whether they represented people with ISSNHL. Fur-
ther, the unit of analysis in this study was ears instead of patients as is used by this review.

Filipo 2013

Triple-blinded, parallel-group randomised controlled trial with 3 days duration of treatment con-
ducted in Italy between August 2011 and March 2012. It included 50 participants and compared in-
tratympanic corticosteroid treatment with intratympanic placebo as primary intervention. It com-
pares the number of patients improved between treatment arms after therapy and hearing im-
provement as well as frequency-specific improvement at a 7 days duration of follow-up. Studies
with a follow-up of 7 days or less were not included in the review.

Gui-1i 2018

Non-blinded, parallel-group randomised controlled trial conducted in China between January 2014
and December 2016. It included 60 participants and compared intratympanic corticosteroid treat-
ment accompanied by hyperbaric oxygen therapy with systemic corticosteroid treatment accom-
panied by hyperbaric oxygen therapy as primary intervention. The interventions in this study in-
clude hyperbaric oxygen therapy in the intervention and comparator group. This type of compari-
son was not part of the review.

Han 2021

Non-blinded, parallel-group randomised controlled trial conducted in China between January 2020
and December 2020. It included 176 participants and compared intratympanic injection of corti-
costeroid versus corticosteroid administered via endoscopic tympanoplasty as primary interven-
tion. This type of comparison was not part of the review.

Li2016

Non-blinded, parallel-group randomised controlled trial conducted in China between January 2006
and January 2014. It included 149 participants and compared intratympanic corticosteroid treat-
ment with intratympanic corticosteroid plus mouse nerve growth factor treatment as primary in-
tervention. This type of comparison was not part of the review.

NCT04766853

This is a trial registration for a single-blind (participant), parallel-group randomised controlled tri-
al that compares corticosteroid treatment by intratympanic injection of dexamethasone with in-
tratympanic injection of dexamethasone mixed with hyaluronic acid. This type of comparison was
not part of the review.

Park 2011

Non-blinded, parallel-group randomised controlled trial conducted in the Republic of Korea be-
tween December 2009 and February 2011. It included 92 participants and compared simultaneous
systemic and intratympanic corticosteroid treatment with subsequent systemic and intratympan-
ic corticosteroid treatment as primary intervention. In this study 2 protocols of combination thera-
py (systemic plus intratympanic) were compared. There was no control group for the intratympan-
ic salvage situation without local application. This type of comparison was not part of the review.

Rogha 2017

Non-blinded, parallel-group randomised controlled trial conducted in Iran in 2015. It included 40
participants and compared corticosteroid treatment by intratympanic injection of dexamethasone
with intratympanic injection of dexamethasone mixed with hyaluronic acid. This type of compari-
son was not part of the review.

Sevil 2016

Non-blinded, parallel-group randomised controlled trial conducted in Turkey between March 2013
and June 2014. It included 88 participants and compared intratympanic corticosteroid treatment
accompanied by hyperbaric oxygen therapy with systemic corticosteroid treatment accompanied
by hyperbaric oxygen therapy as primary intervention. The interventions in this study include hy-
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Study Reason for exclusion

perbaric oxygen therapy in the intervention and comparator group. This type of comparison was
not part of the review.

Song 2018 Non-blinded, parallel-group randomised controlled trial conducted in China between October 2015
and May 2018. It included 48 participants and compared intratympanic corticosteroid treatment
with postauricular injection of corticosteroid as primary intervention. This type of comparison was
not part of the review.

Sun 2016 Non-blinded, parallel-group randomised controlled trial conducted in China between December
2013 and February 2015. It included 90 participants and compared corticosteroid treatment by in-
tratympanic injection of budesonide with intratympanic injection of dexamethasone and a third
arm without corticosteroid treatment but a cocktail of different other substances as secondary
intervention. Two intratympanic treatment protocols using 2 different intratympanically applied
drugs were compared. This type of comparison was not part of the review.

Zhou 2006 Non-blinded, parallel-group randomised controlled trial conducted in China between February
2002 and December 2004. It included 50 participants and compared intratympanic corticosteroid
treatment accompanied by hyperbaric oxygen therapy with systemic corticosteroid treatment ac-
companied by hyperbaric oxygen therapy as primary intervention. The interventions include hy-
perbaric oxygen therapy in the intervention and comparator group. This type of comparison was
not part of the review.

ISSNHL: idiopathic sudden sensorineural hearing loss

Characteristics of ongoing studies [ordered by study ID]

Wang 2021

Study name Clinical study of oral prednisone vs intratympanic injection of dexamethasone as initial treatment
for sudden hearing loss

Methods Non-blinded, parallel-group randomised controlled trial with 14 days duration of treatment and 1-
month duration of follow-up

Participants Inclusion criteria: 1) aged between 18 and 80 years old; 2) unilateral deafness occurred within 72
hours, and the average pure tone hearing threshold of 0.5 KHz, 1 kHz, 2 KHz, 4 kHz was greater than
60 dB; the bilateral hearing was symmetrical in the past; and 3) the time from the time of treatment
to the onset of the disease was not more than 14 days

Exclusion criteria: 1) previous history of deafness in the affected ear or the opposite ear; 2) acute
and chronic otitis media, otosclerosis and other middle ear diseases; 3) congenital or hereditary
deafness; 4) abnormal development of the inner ear, such as enlargement of vestibular aqueduct
and Mondini malformation; 5) history of ear trauma, ear barotrauma or noise-induced deafness; 6)
inner ear or intracranial tumour; 7) drug-induced deafness; 8) systemic diseases: tuberculosis, in-
sulin-dependent diabetes mellitus, rheumatic disease, active atherosclerotic vascular disease, se-
vere mental or psychological disease, history of chemotherapy or other immunosuppressant treat-
ment, pancreatitis, HIV, hepatitis C or hepatitis B infection, chronic renal insufficiency, active her-
pes zoster infection, severe osteoporosis, head and neck cancer history or radiation therapy; 9)
women in pregnancy or lactation

Interventions Group I: intratympanic injection of dexamethasone, 10 mg/mL, 9 times in 14 days

Group lI: oral prednisolone, 660 mg in total over 14 days

Outcomes Measured before treatment and 1 month after treatment: pure tone threshold, speech recognition
rate, VEMP, DHI and THI
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Wang 2021 (Continued)

Starting date October 2020

Contact information Study leader: Wang Jing
Tel: +86 18917786267
Email: jingwang6l@126.com
Address: 83 Fenyang Road, Xuhui District, Shanghai, China

Postcode: 200031

Notes ChiCTR, ChiCTR2000036382

Registered on 22 August 2020, prospectively registered

Yang 2020

Study name A prospective study on the treatment of patients with sudden deafness and diabetes with two dif-
ferent ways of administration

Methods Prospective, non-blinded, parallel-group randomised superiority trial

Participants Inclusion criteria: 1) aged 18 to 65 years old; 2) a sudden onset of sensorineural hearing loss with-
in 72 hours, at least in the 3 consecutive frequency of hearing loss of = 30 dB HL; 3) unilateral on-
set; 4) confirmed diabetes; 5) the time of onset is within 30 days; 6) hearing loss must have been
deemed idiopathic

Interventions Group | (N =43): 4 x 1 mL doses of 40 mg/mL of methylprednisolone over a 1-week period, with a
dose administered every 2 days via tympanic membrane injection into the middle ear
Group Il (n =43): intravenous methylprednisolone (1 mg/kg/day, maximal dose 60 mg/day) for 5
days

Outcomes Primary outcome is the change in hearing threshold from the first audiogram to the 30-day fol-
low-up audiogram
Secondary outcome measures will include pure tone average (PTA) at 90-day follow-up, visual
analogue tinnitus scale, visual analogue vertigo scale, visual analogue aural fullness scale, fasting
blood glucose and 2-hour postprandial blood glucose during treatment and the change in glyco-
sylated haemoglobin (HbA1C) levels. Vital signs and otological physical examination will be per-
formed at each follow-up visit.

Starting date Planned study execute time: 1 January 2018 to 31 December 2022

Contact information Weigiang Yang, Peking Unversity Shenzhen hospital, 1120 Lianhua Road, Futian District, Shenzhen,
Guangdong, China, e-mail: 497450210@qq.com

Notes ChiCTR, ChiCTR1800015954

Registered on 2 May 2018, retrospectively registered

DHI: Dizziness Handicap Inventory; THI: Tinnitus Handicap Inventory; VEMP: vestibular evoked myogenic potential
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DATA AND ANALYSES

Comparison 1. Intratympanic compared to systemic corticosteroids as primary therapy

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
1.1 Mean change in pure 10 701 Mean Difference (IV, Fixed, 95% CI)  -5.93 [-7.61, -4.26]
tone average (PTA)
1.2 Proportion improved 14 972 Risk Ratio (M-H, Fixed, 95% Cl) 1.04[0.97,1.12]
1.3 Final PTA 7 516 Mean Difference (IV, Fixed, 95% ClI)  -3.31[-6.16,-0.47]
1.4 Change in hearing 1 98 Mean Difference (IV, Fixed, 95% Cl)  -8.85[-19.58, 1.88]
threshold with speech au-
diometry
1.5 Speech audiometry: ad- 3 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
ditional outcomes
1.5.1 Speech discrimination 1 98 Mean Difference (IV, Fixed, 95% Cl)  15.64 [1.57,29.71]
score: change from baseline
1.5.2 Speech discrimination 1 35 Mean Difference (IV, Fixed, 95% Cl) 6.00[-20.88, 32.88]
score: endpoint
1.5.3 Word recognition 1 250 Mean Difference (IV, Fixed, 95% Cl)  -0.60 [-9.28, 8.08]
score: change from baseline
1.6 Frequency-specific 6 Mean Difference (IV, Fixed, 95% CI)  Totals not selected
changesin PTA
1.6.10.25 kHz 2 Mean Difference (IV, Fixed, 95% ClI)  Totals not selected
1.6.20.5kHz 3 Mean Difference (IV, Fixed, 95% ClI)  Totals not selected
1.6.31kHz 3 Mean Difference (IV, Fixed, 95% ClI)  Totals not selected
1.6.42 kHz 3 Mean Difference (IV, Fixed, 95% CI)  Totals not selected
1.6.53 kHz 1 Mean Difference (IV, Fixed, 95% CI)  Totals not selected
1.6.6 4 kHz 3 Mean Difference (IV, Fixed, 95% ClI)  Totals not selected
1.6.7 8 kHz 2 Mean Difference (IV, Fixed, 95% CI)  Totals not selected
1.6.8 Frequency range: low 3 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected
1.6.9 Frequency range: mid 3 Mean Difference (IV, Fixed, 95% CI)  Totals not selected
1.6.10 Frequency range: 2 Mean Difference (IV, Fixed, 95% ClI)  Totals not selected
high
1.7 Adverse events 2 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
1.7.1 Ear pain 2 289 Risk Ratio (M-H, Fixed, 95% Cl) 15.68 [6.22, 39.49]
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.7.2 Otitis media 1 250 Risk Ratio (M-H, Fixed, 95% Cl) 3.28[0.70, 15.49]
1.7.3 Vertigo/dizziness 1 250 Risk Ratio (M-H, Fixed, 95% Cl) 2.53[1.41,4.54]
1.7.4 Blood glucose prob- 2 289 Risk Ratio (M-H, Fixed, 95% Cl) 0.54[0.35, 0.85]
lems
1.7.5 Mood change 2 289 Risk Ratio (M-H, Fixed, 95% Cl) 0.22[0.13,0.37]
1.7.6 Sleep change 2 289 Risk Ratio (M-H, Fixed, 95% Cl) 0.19[0.10, 0.36]
1.7.7 Appetite change 2 289 Risk Ratio (M-H, Fixed, 95% Cl) 0.20[0.09, 0.44]
1.7.8 Weight change 2 289 Risk Ratio (M-H, Fixed, 95% Cl) 0.28[0.13,0.61]
1.7.9 Dry mouth 2 289 Risk Ratio (M-H, Fixed, 95% Cl) 0.15[0.06, 0.35]
1.7.10 Any adverse event 1 250 Risk Ratio (M-H, Fixed, 95% Cl) 1.03[0.94,1.12]
1.7.11 Serious adverse 1 250 Risk Ratio (M-H, Fixed, 95% Cl) 1.13[0.35, 3.59]
event
Analysis 1.1. Comparison 1: Intratympanic compared to systemic corticosteroids
as primary therapy, Outcome 1: Mean change in pure tone average (PTA)
1T Systemic Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total  Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI A BCDETFG
Al-Shehri 2015 321 6.9 19 275 6.5 20 15.9% -4.60 [-8.81 ,-0.39] . 2700000
Dispenza 2011 -27.05 8.42 25 -20.91 6.56 21 15.0% -6.14[-10.47 , -1.81] - 222000
Hong 2009 2649  18.07 32 2509  18.02 31 3.5% -1.40[-10.31, 7.51] — 22909000
Kosyakov 2011 (1) 248 5.83 25 -14 3.58 25 39.1%  -10.80[-13.48,-8.12] - @ 00000
Lim 2013 -12.1 14.6 20 -18.7 19.1 20 2.5% 6.60[-3.94,17.14] [ ([ X XX X X X )
Peng 2008 -43.2 21.5 21 213 16.6 21 21%  -21.90[-33.52,-10.28] 00000
Rauch 2011 -28.7 215 129 307 21.7 121 9.8% 2.00[-3.36, 7.36] a 900000600
Swachia 2016 1468 12.88 20 -1824 8.72 2 62% 3.56 [-3.16, 10.28] o 2202000
Tong 2021 -21.6 204 30 -161 15.3 30 34% -5.50 [-14.62, 3.62] - (X XXX XX ]
Tsounis 2018 (2) 27 2427 34 29 21 35 2.4% 2.00[-8.72, 12.72] JR 000000
Total (95% CI) 355 346 100.0% -5.93[-7.61 , -4.26] ¢
Heterogeneity: Chi2 = 44.93, df =9 (P < 0.00001); I2 = 80%
Test for overall effect: Z = 6.93 (P < 0.00001) 20 40 0 1 20
Test for subgroup differences: Not applicable Favours IT Favours systemic

Footnotes

(1) IT total is 25 ears (24 patients) and systemic total is 25 ears (25 patients).
(2) Standard deviations were extracted from what was assumed to be a graphic representation.

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 1.2. Comparison 1: Intratympanic compared to systemic
corticosteroids as primary therapy, Outcome 2: Proportion improved

IT Systemic Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Ashtiani 2018 23 32 27 45 6.3% 1.20[0.87, 1.65] J C XXX KX ]
Battaglia 2008 10 17 7 18 1.9% 1.51[0.75, 3.05] e 22 09000
Dispenza 2011 20 25 17 21 5.2% 0.99 [0.74 ,1.31] — 222000
Ermutlu 2017 16 19 14 16 4.3% 0.96 [0.74 , 1.26] — 22 @200 0
Hong 2009 25 32 23 31 6.6% 1.05[0.80, 1.39] R — 2200000
Kosyakov 2011 (1) 22 25 14 25 3.9% 1.57[1.08, 2.29] [ ® 200000
Lim 2013 11 20 12 20 3.4% 0.92 [0.54, 1.56] R I (X XXX ]
Peng 2008 17 21 13 21 3.7% 1.31[0.88, 1.94] J I 0000
Qu 2015 46 57 54 69 13.8% 1.03[0.86, 1.23] i 202000
Rauch 2011 99 129 101 121 29.4% 0.92[0.81, 1.04] =l C K KK
Rupasinghe 2017 16 17 17 20 4.4% 1.11[0.89, 1.38] i I 002000
Swachia 2016 16 20 19 22 5.1% 0.93[0.70, 1.22] JR - P2 @200 0
Tong 2021 21 30 16 30 4.5% 1.31[0.87, 1.97] =4 . (X XX KX ]
Tsounis 2018 24 34 27 35 7.5% 0.92[0.69, 1.21] — KX KK
Total (95% CI) 478 494  100.0% 1.04[0.97,1.12]
Total events: 366 361 r
Heterogeneity: Chi2 = 15.40, df = 13 (P = 0.28); I* = 16% o5 o7 1 15 3
Test for overall effect: Z = 1.18 (P =0.24) Favours systemic Favours IT
Test for subgroup differences: Not applicable
Footnotes
(1) IT total is 25 ears (24 patients) and systemic total is 25 ears (25 patients).
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Analysis 1.3. Comparison 1: Intratympanic compared to systemic
corticosteroids as primary therapy, Outcome 3: Final PTA
1T Systemic Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI A BCDETFG
Al-Shehri 2015 39.2 6 19 43.8 6.4 20 53.4% -4.60 [-8.49, -0.71] - P 00000
Battaglia 2008 51 25 17 59 33 18 22%  -8.00[-27.33,11.33] - 220902000
Kosyakov 2011 16.1 8.5 25 25.1 15.3 25 17.2%  -9.00 [-15.86, -2.14] —.— 72700000
Lim 2013 46.8 28.2 20 39.1 26.1 20 2.9% 7.70 [-9.14 , 24.54] R (X XN XN )
Rauch 2011 57.6 316 129 56 27.7 121 15.0% 1.60 [-5.75 , 8.95] - 0000000
Swachia 2016 5144 2501 20 4211 1953 2 43% 9.33[-4.34, 23.00] J 2727 @2 000
Tong 2021 47.9 21.1 30 47.9 28.3 30 51%  0.00[-12.63, 12.63] JR (Y XXXXX)]
Total (95% CI) 260 256 100.0% -3.31[-6.16, -0.47] ’l
Heterogeneity: Chi2 = 10.19, df = 6 (P = 0.12); I = 41%
Test for overall effect: Z = 2.28 (P = 0.02) —EiO _2=5 0 2=5 5=0
Test for subgroup differences: Not applicable Favours IT Favours systemic
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.4. Comparison 1: Intratympanic compared to systemic corticosteroids as
primary therapy, Outcome 4: Change in hearing threshold with speech audiometry

1T Systemic Mean Difference Mean Difference
Study or Subgroup Mean [dB] SD [dB] Total Mean [dB] SD [dB] Total Weight 1V, Fixed, 95% CI [dB] 1V, Fixed, 95% CI [dB]
Ashtiani 2018 (1) -35.97 31.15 49 -27.12 223 49  100.0% -8.85[-19.58, 1.88]
Total (95% CI) 49 49 100.0% -8.85 [-19.58 , 1.88]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.62 (P = 0.11) -100 50 0 50 100
Test for subgroup differences: Not applicable Favours IT Favours systemic
Footnotes
(1) Speech reception threshold.
Analysis 1.5. Comparison 1: Intratympanic compared to systemic corticosteroids
as primary therapy, Outcome 5: Speech audiometry: additional outcomes
1T Systemic Mean Difference Mean Difference
Study or Subgroup Mean [%] SD [%] Total Mean [%] SD [%] Total Weight 1V, Fixed, 95% CI [%] 1V, Fixed, 95% CI [%]
1.5.1 Speech discrimination score: change from baseline
Ashtiani 2018 (1) 34.6 40.28 49 18.96 30.05 49  100.0% 15.64 [1.57,29.71] _._
Subtotal (95% CI) 49 49 100.0% 15.64 [1.57 , 29.71] ‘
Heterogeneity: Not applicable
Test for overall effect: Z =2.18 (P = 0.03)
1.5.2 Speech discrimination score: endpoint
Battaglia 2008 (2) 60 37 17 54 44 18  100.0% 6.00 [-20.88 , 32.88] _..—
Subtotal (95% CI) 17 18 100.0% 6.00 [-20.88 , 32.88]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.44 (P = 0.66)
1.5.3 Word recognition score: change from baseline
Rauch 2011 (3) 35.3  34.727752 129 359 35.279018 121 100.0% -0.60 [-9.28 , 8.08]
Subtotal (95% CI) 129 121  100.0% -0.60 [-9.28 , 8.08]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.14 (P = 0.89)
20-10 0 10 20
Footnotes Favours systemic Favours IT

(1) Assessed using "phonetically balanced maximum levels and 25-word lists".
(2) No details provided on method of assessment.
(3) Assessed using the highest percentage of monosyllabic words identified from standardized 50-word lists.
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Analysis 1.6. Comparison 1: Intratympanic compared to systemic corticosteroids
as primary therapy, Outcome 6: Frequency-specific changes in PTA

IT Systemic Mean Difference Mean Difference
Study or Subgroup Mean [dB] SD[dB] Total Mean[dB] SD [dB] 1V, Fixed, 95% CI [dB] 1V, Fixed, 95% CI [dB]
1.6.1 0.25 kHz
Hong 2009 (1) -27.41 18.14 32 -24.33 17.99 31 -3.08 [-12.00, 5.84] —
Tong 2021 (2) -27 23 30 -19.1 13.6 30 -7.90 [-17.46 , 1.66] —t
1.6.2 0.5 kHz
Dispenza 2011 (1) -28.33 23.2 25 -20.96 14.61 21 -7.37 [-18.40 , 3.66] —
Hong 2009 (1) -31.13 17.99 32 -28.63 18.14 31 -2.50 [-11.42, 6.42] —
Tong 2021 (2) -27 224 30 -17.6 129 30 -9.40 [-18.65 , -0.15] JE——
1.6.31kHz
Dispenza 2011 (1) -27.82 23.65 24 -19.23 13.21 21 -8.59 [-19.61 , 2.43] — 1
Hong 2009 (1) -33.23 17.98 32 -26.45 17.98 31 -6.78 [-15.66 , 2.10] —
Tong 2021 (2) -25.8 20.5 30 -17.8 15.3 30 -8.00 [-17.15, 1.15] —
1.6.4 2 kHz
Dispenza 2011 (1) -28.65 22.36 25 -19.75 13.97 21 -8.90 [-19.51, 1.71] — L
Hong 2009 (1) -23.47 17.98 32 -24.11 17.99 31 0.64 [-8.24,9.52] —
Tong 2021 (2) -24.4 21.3 30 -16.4 14.2 30 -8.00[-17.16, 1.16] —
1.6.5 3 kHz
Hong 2009 (1) -17.9 18.07 32 -24.52 17.98 31 6.62 [-2.28 , 15.52] -
1.6.6 4 kHz
Dispenza 2011 (1) -24.01 21.93 25 -21.44 14.37 21 -2.57 [-13.14, 8.00] —
Hong 2009 (1) -11.05 18 32 -23.55 17.98 31 12.50 [3.61, 21.39] —_—
Tong 2021 (2) -13 12.7 30 -13.5 10.3 30 0.50 [-5.35, 6.35] 4
1.6.7 8 kHz
Hong 2009 (1) -9.37 18.11 32 -22.74 17.99 31 13.37 [4.46 , 22.28] —
Tong 2021 (2) -11.5 8.9 30 -12.2 8.3 30 0.70 [-3.65, 5.05] .
1.6.8 Frequency range: low
Huang 2021 (3) -39.55 7.03 49 -35.05 6.35 49 -4.50 [-7.15, -1.85] +
Kosyakov 2011 (4) -23.6 6.63 25 -12.9 4.11 25 -10.70 [-13.76 , -7.64] +
Lim 2013 (5) -16.27 21.74 20 -20.56 21.18 20 4.29[-9.01, 17.59] [ —
1.6.9 Frequency range: mid
Huang 2021 (6) -18.9 5.72 49 -17.35 4.87 49 -1.55 [-3.65, 0.55] 4
Kosyakov 2011 (7) -23.7 5.88 25 -15.1 4.02 25 -8.60 [-11.39, -5.81] +
Lim 2013 (8) -8.8 11.88 20 -16.55 17.67 20 7.75[-1.58 , 17.08] J
1.6.10 Frequency range: high
Kosyakov 2011 (9) -27.1 6.66 25 -13.1 34 25  -14.00[-16.93, -11.07] +
Lim 2013 (10) -5.57 11.92 20 -16.94 15.98 20 11.37[2.63, 20.11] ——

50 25 25 50

Footnotes Favours IT Favours systemic

(1) Data estimated from graph.

(2) Data provided by the author.

(3) 0.25, 0.5 and 1kHz

(4) 0.125 to 0.25kHz. IT total is 25 ears (24 patients) and systemic total is 25 ears (25 patients).
(5) Data estimated from graph. 0.25, 0.5 and 1kHz

(6) 2, 4 and 8kHz

(7) 0.5 to 2kHz. IT total is 25 ears (24 patients) and systemic total is 25 ears (25 patients).

(8) Data estimated from graph. 2kHz and 3kHz

(9) 4 to 8kHz. IT total is 25 ears (24 patients) and systemic total is 25 ears (25 patients).

(10) Data estimated from graph. 4 and 8kHz
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Analysis 1.7. Comparison 1: Intratympanic compared to systemic corticosteroids as primary therapy, Outcome 7:

Adverse events

IT Systemic Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

1.7.1 Ear pain

Al-Shehri 2015 4 19 0 20 10.6% 9.45[0.54 , 164.49]
Rauch 2011 70 129 4 121 89.4% 16.41[6.18 , 43.59]
Subtotal (95% CI) 148 141 100.0% 15.68 [6.22 , 39.49]
Total events: 74 4

Heterogeneity: Chi2=0.13,df =1 (P=0.72); 2= 0%
Test for overall effect: Z =5.84 (P < 0.00001)

1.7.2 Otitis media

Rauch 2011 7 129 2 121  100.0% 3.28[0.70, 15.49]
Subtotal (95% CI) 129 121 100.0% 3.28 [0.70, 15.49]
Total events: 7 2

Heterogeneity: Not applicable
Test for overall effect: Z = 1.50 (P = 0.13)

1.7.3 Vertigo/dizziness

Rauch 2011 35 129 13 121  100.0% 2.53[1.41, 4.54]
Subtotal (95% CI) 129 121 100.0% 2.53 [1.41, 4.54]
Total events: 35 13

Heterogeneity: Not applicable
Test for overall effect: Z = 3.10 (P = 0.002)

1.7.4 Blood glucose problems

Al-Shehri 2015 3 19 6 20 13.6% 0.53[0.15, 1.81]
Rauch 2011 21 129 36 121 86.4% 0.55[0.34, 0.88]
Subtotal (95% CI) 148 141 100.0% 0.54 [0.35, 0.85]
Total events: 24 42

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.95); I2 = 0%
Test for overall effect: Z = 2.68 (P = 0.007)

1.7.5 Mood change

Al-Shehri 2015 2 19 8 20 12.3% 0.26 [0.06, 1.08]
Rauch 2011 12 129 54 121 87.7% 0.21[0.12,0.37]
Subtotal (95% CI) 148 141 100.0% 0.22[0.13, 0.37]
Total events: 14 62

Heterogeneity: Chi? = 0.09, df = 1 (P = 0.76); I = 0%
Test for overall effect: Z =5.66 (P < 0.00001)

1.7.6 Sleep change
Al-Shehri 2015 1 19 6 20 11.4% 0.18[0.02, 1.32]

Rauch 2011 9 129 44 121  88.6% 0.19[0.10, 0.38]
Subtotal (95% CI) 148 141 100.0% 0.19 [0.10, 0.36]
Total events: 10 50

Heterogeneity: Chi2 = 0.01, df =1 (P =0.93); 2 = 0%
Test for overall effect: Z = 5.10 (P < 0.00001)

1.7.7 Appetite change

Al-Shehri 2015 1 19 5 20 14.4% 0.21[0.03, 1.64]
Rauch 2011 6 129 28 121  85.6% 0.20[0.09, 0.47]
Subtotal (95% CI) 148 141 100.0% 0.20 [0.09, 0.44]
Total events: 7 33

Heterogeneity: Chi2 =0.00, df =1 (P =0.97); I2= 0%
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Analysis 1.7. (Continued)

Total events:
Heterogeneity: Chi2 = 0.00, df =1 (P = 0.97); 2= 0%
Test for overall effect: Z = 4.00 (P < 0.0001)

1.7.8 Weight change
Al-Shehri 2015
Rauch 2011
Subtotal (95% CI)
Total events:
Heterogeneity: Chi2 = 0.20, df =1 (P = 0.65); 2= 0%
Test for overall effect: Z = 3.20 (P = 0.001)

1.7.9 Dry mouth
Al-Shehri 2015
Rauch 2011
Subtotal (95% CI)
Total events:
Heterogeneity: Chi2=0.11, df = 1 (P = 0.74); 2= 0%
Test for overall effect: Z = 4.32 (P < 0.0001)

1.7.10 Any adverse event

Rauch 2011
Subtotal (95% CI)
Total events:

7

19
129
148
7

0 19
5 129

148
5

116 129
129
116

Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)

1.7.11 Serious adverse event
Rauch 2011
Subtotal (95% CI)
Total events:

6 129
129

Heterogeneity: Not applicable
Test for overall effect: Z = 0.20 (P = 0.84)

33

3
22

25

5
30

35

106

106

20 13.1% 0.15[0.01,2.72]
121 86.9% 0.30[0.13, 0.67] _._
141 100.0% 0.28 [0.13, 0.61] ‘
20 14.8% 0.10[0.01,1.62] ¢— &
121 85.2% 0.16 [0.06 , 0.39] _._

141 100.0% 0.15 [0.06, 0.35]

121 100.0%
121  100.0%

1.03[0.94, 1.12]
1.03 [0.94,1.12]

121 100.0%
121 100.0%

1.13[0.35, 3.59]
1.13[0.35, 3.59]

<>

001 01
Favours IT

Comparison 2. Combined compared to systemic corticosteroids as primary therapy

10 100
Favours systemic

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
2.1 Mean change in pure 6 435 Mean Difference (IV, Fixed, 95% Cl) -8.55[-12.48, -4.61]
tone average (PTA)
2.2 Proportion improved 10 788 Risk Ratio (M-H, Fixed, 95% Cl) 1.27[1.15,1.41]
2.3 Final PTA 3 194 Mean Difference (IV, Fixed, 95% Cl) -9.11[-16.56, -1.67]
2.4 Change in hearing 1 98 Mean Difference (IV, Fixed, 95% Cl) -7.59[-20.22, 5.04]

threshold with speech au-

diometry
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Outcome or subgroup title No. of studies No. of partici-

pants

Statistical method

Effect size

2.5 Speech audiometry:ad- 3
ditional outcomes

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

2.5.1 Speech discrimination 2
score: change from baseline

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

2.5.2 Speech discrimination 1
score: endpoint

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

2.6 Frequency-specific 4
changes with PTA

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

2.6.10.25 kHz 1
2.6.20.5 kHz 2
2.6.31kHz 2
2.6.42 kHz 2
2.6.53 kHz 1
2.6.6 4 kHz 1
2.6.78kHz 1

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

2.6.8 Frequency range: low 2

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

2.6.9 Frequency range: mid 2

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

2.6.10 Frequency range: 2
high

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

Intratympanic corticosteroids for sudden sensorineural hearing loss (Review)
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Analysis 2.1. Comparison 2: Combined compared to systemic corticosteroids
as primary therapy, Outcome 1: Mean change in pure tone average (PTA)

Combined Systemic Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total  Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI A B CDETFG
Arastou 2013 -22.6 22.2 36 -138  21.13 41 16.4% -8.80 [-18.52, 0.92] J— 200000
Arslan 2011 -21.8 18.4 58 -13 19 73 37.5%  -8.80[-15.24,-2.36] - 00000
Choi 2011 415 39.4 19 33 39.4 27 29%  -8.50[-31.62, 14.62] | 27202000
Gundogan 2013 4405 2153 37 2572 19.77 36 17.3% -18.33[-27.81,-8.85] —.— ®2@0° o
Lim 2013 -21.9 26.2 20 -18.7 19.1 20 7.7%  -3.20[-17.41,11.01] J S (X XXX KX ]
Tsounis 2018 298 1771 33 -29 21 35 18.3% -0.80 [-10.01, 8.41] N P EHP L@+
Total (95% CI) 203 232 100.0% -8.55[-12.48 , -4.61] ‘
Heterogeneity: Chi2 = 7.36, df = 5 (P = 0.20); 2= 32%
Test for overall effect: Z = 4.25 (P < 0.0001) _go _£5 2§5 gjo
Test for subgroup differences: Not applicable Favours combined Favours systemic
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Analysis 2.2. Comparison 2: Combined compared to systemic

corticosteroids as primary therapy, Outcome 2: Proportion improved

Combined Systemic Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Ahn 2008 44 60 42 60  18.6% 1.05[0.84, 1.31] - [ N A N )
Arastou 2013 27 36 17 41 7.0% 1.81[1.20,2.72] PR 00000
Arslan 2011 58 85 34 73 16.2% 1.47[1.10, 1.95] e 000
Ashtiani 2018 24 35 27 45  10.5% 1.14[0.82, 1.59] o 0000
Battaglia 2008 14 16 7 18 2.9% 2.25[1.22,4.13] — 270909000
Choi 2011 14 19 20 27 7.3% 0.99[0.70, 1.41] - 272 @2000
Gundogan 2013 33 37 22 36 9.9% 1.46 [1.10, 1.94] —.— ® 002000
Koltsidopoulos 2013 31 46 24 46 10.6% 1.29[0.92, 1.82] 1a e + + + @ +
Lim 2013 12 20 12 20 5.3% 1.00[0.60, 1.66] JE (X XXX KX ]
Tsounis 2018 26 33 27 35 11.6% 1.02[0.79, 1.31] . 00 O®
Total (95% CI) 387 401 100.0% 1.27 [1.15, 1.41] ‘
Total events: 283 232
Heterogeneity: Chi2 = 16.98, df = 9 (P = 0.05); I2 = 47% ol o o 3

Test for overall effect: Z = 4.54 (P < 0.00001)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

(G) Other bias

Favours systemic

Favours combined
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Analysis 2.3. Comparison 2: Combined compared to systemic
corticosteroids as primary therapy, Outcome 3: Final PTA

Combined Systemic Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total  Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI A B CDETFG
Arslan 2011 44.2 25.5 60 51.1 27.4 60  61.8% -6.90 [-16.37 , 2.57] = 0000
Battaglia 2008 35 21 16 59 33 18 16.4%  -24.00[-42.39, -5.61] I 2700000
Lim 2013 349 253 20 39.1 26.1 20 21.8%  -4.20([-20.13,11.73] N (YYXXXXX)
Total (95% CI) 96 98 100.0% -9.11 [-16.56 , -1.67] ‘
Heterogeneity: Chi2 = 3.09, df =2 (P = 0.21); 2= 35%
Test for overall effect: Z = 2.40 (P = 0.02) 50 25 0 25 50
Test for subgroup differences: Not applicable Favours combined Favours systemic

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
Analysis 2.4. Comparison 2: Combined compared to systemic corticosteroids as
primary therapy, Outcome 4: Change in hearing threshold with speech audiometry
1T Systemic Mean Difference Mean Difference
Study or Subgroup Mean [dB] SD[dB] Total Mean[dB] SD|[dB] Total Weight IV, Fixed, 95% CI [dB] 1V, Fixed, 95% CI [dB]
Ashtiani 2018 (1) -34.71 39.2 49 -27.12 22.3 49  100.0% -7.59 [-20.22, 5.04]
Total (95% CI) 49 49 100.0% -7.59 [-20.22, 5.04]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.18 (P = 0.24) -100 50 0 50 100
Test for subgroup differences: Not applicable Favours combined Favours systemic

Footnotes
(1) Speech reception threshold.

Analysis 2.5. Comparison 2: Combined compared to systemic corticosteroids
as primary therapy, Outcome 5: Speech audiometry: additional outcomes

Combined Systemic Mean Difference Mean Difference
Study or Subgroup Mean [%] SD[%] Total Mean[%] SD[%] Total 1V, Fixed, 95% CI [%] 1V, Fixed, 95% CI [%]

2.5.1 Speech discrimination score: change from baseline
Ashtiani 2018 (1) 28.7 35.2 49 18.96 30.05 49 9.74[-3.22, 22.70] J T —
Gundogan 2013 (2) 41.08 21.98 37 20.06 22.69 36 21.02 [10.77, 31.27] —

2.5.2 Speech discrimination score: endpoint

Battaglia 2008 (2) 85 23 16 54 44 18 31.00 [7.76 , 54.24] —_
50 25 25 50
Footnotes Favours systemic Favours combined

(1) Assessed using "phonetically balanced maximum levels and 25-word lists".
(2) No details provided on method of assessment.
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Analysis 2.6. Comparison 2: Combined compared to systemic corticosteroids
as primary therapy, Outcome 6: Frequency-specific changes with PTA

Combined Systemic Mean Difference Mean Difference
Study or Subgroup Mean [dB] SD [dB] Total Mean [dB] SD [dB] Total 1V, Fixed, 95% CI [dB] 1V, Fixed, 95% CI [dB]
2.6.10.25 kHz
Ahn 2008 (1) -25.85  19.444151 30 -14.25  26.568666 60 -11.60 [-21.28 , -1.92] ——
2.6.2 0.5 kHz
Ahn 2008 (1) -27.78  26.181367 60 -20.18  30.519109 60 -7.60 [-17.77 , 2.57] —
Arslan 2011 (2) 424 25.6 85 48.3 29.3 73 -5.90 [-14.55, 2.75] —t
2.6.3 1 kHz
Ahn 2008 (1) -22.55  23.082981 60 -21.75  26.568666 60 -0.80 [-9.71, 8.11] ——
Arslan 2011 (2) 42.3 26.8 85 48.8 30.3 73 -6.50 [-15.49 , 2.49] —t
2.6.42kHz
Ahn 2008 (1) -19.7  22.153465 60 -17.13  28.427698 60 -2.57 [-11.69, 6.55] —_—
Arslan 2011 (2) 41.5 29 85 49.5 30.5 73 -8.00 [-17.33, 1.33] —
2.6.5 3 kHz
Ahn 2008 (1) -18.21  21.223949 60 -18.21  26.723585 60 0.00 [-8.63, 8.63] —
2.6.6 4 kHz
Arslan 2011 (2) 50.5 29.4 85 57.8 28.6 73 -7.30 [-16.36 , 1.76] 1
2.6.7 8 kHz
Ahn 2008 (1) -12.82  18.977618 60 -7.21  25.716609 60 -5.61[-13.70, 2.48] —
2.6.8 Frequency range: low
Gundogan 2013 (3) -38.97 21.06 37 -22.94 19.8 36 -16.03 [-25.40 , -6.66] JR—
Lim 2013 (4) -25.73 30.93 20 -20.54 21.18 20 -5.19 [-21.62, 11.24] _
2.6.9 Frequency range: mid
Gundogan 2013 (5) -38.49 21.1 37 -26.39 19.39 36 -12.10[-21.39, -2.81] JR—
Lim 2013 (6) -18.37 23.65 20 -16.53 17.69 20 -1.84[-14.78 , 11.10] JR] S
2.6.10 Frequency range: high
Gundogan 2013 (7) -39 19.16 37 -27.5 20.06 36 -11.50 [-20.50 , -2.50] —_—
Lim 2013 (8) -12.89 23.69 20 -16.9 16 20 4.01[-8.52, 16.54] —

50 25 0 25 50

Footnotes Favours combined Favours systemic

(1) Measure of variance not reported, assumed to be standard error based on reported P values, therefore converted to SD.
(2) End-point data

(3) Using 0.25 and 0.5kHz

(4) Using 0.25, 0.5 and 1 kHz

(5) Using 1, 2 and 3kHz

(6) Using 2 and 3kHz

(7) Using 4, 6 and 8kHz

(8) Using 4 and 8kHz

Comparison 3. Intratympanic corticosteroids compared to no treatment/placebo as secondary therapy

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

3.1 Mean change in PTA 7 280 Mean Difference (IV, Fixed, 95% Cl) -9.07 [-11.47, -6.66]
3.2 Proportion improved 6 232 Risk Ratio (M-H, Fixed, 95% Cl) 5.55[2.89, 10.68]
3.3 Final PTA 5 203 Mean Difference (IV, Fixed, 95% Cl) -11.09 [-17.46, -4.72]
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Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

3.4 Change in hearing 1 21 Mean Difference (IV, Fixed, 95% Cl) -12.80[-30.17,4.57]
threshold with speech au-

diometry

3.5 Speech audiometry: 1 21 Mean Difference (IV, Fixed, 95% Cl) 19.90[0.41, 39.39]

additional outcomes

3.5.1 Maximum speech dis- 1 21 Mean Difference (IV, Fixed, 95% Cl) 19.90[0.41, 39.39]
crimination: change from

baseline

3.6 Frequency-specific 1 Mean Difference (1V, Fixed, 95% Cl) Totals not selected

changes with PTA

3.6.10.25 kHz 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
3.6.20.5kHz 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
3.6.31kHz 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
3.6.42 kHz 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
3.6.53 kHz 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
3.6.6 4 kHz 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
3.6.76 kHz 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
3.6.8 8 kHz 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected

Analysis 3.1. Comparison 3: Intratympanic corticosteroids compared to no
treatment/placebo as secondary therapy, Outcome 1: Mean change in PTA

1T Placebo/no treatment Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total  Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI A B CDETFG
Chang 2010 -15.59 9.9 24 -4.9 3.91 24 319% -10.69[-14.95, -6.43] —-— 22@®@2 200
Ho 2004 -28.39 23.14 15 -13.21 12.54 14 3.2% -15.18[-28.61,-1.75] 222000
Lee 2011 -11.4 10.75 21 -1.7 10.75 25 14.9% -9.70 [-15.94 , -3.46] e 2202000
Li 2011 -7.8 47.52 24 -0.9 6.71 20 1.6%  -6.90[-26.14,12.34] PR N 222000
Plontke 2009 -13.9 21.3 11 5.4 10.4 10 29% -8.50 [-22.64 , 5.64] [ ' XXXXXX]
Wu 2011 -9.7 8.5 27 -4.5 6.5 28 36.0% -5.20 [-9.21, -1.19] - 20000090
Xenellis 2006 -14.9 17 19 0.8 2.97 18 9.6%  -15.70 [-23.47 ,-7.93] —_— 2?2200 0
Total (95% CI) 141 139 100.0% -9.07 [-11.47 , -6.66] ‘
Heterogeneity: Chi2 = 7.82, df = 6 (P = 0.25); 2= 23%
Test for overall effect: Z = 7.39 (P < 0.00001) =0 10 )
Test for subgroup differences: Not applicable Favours IT corticosteroids Favours no treatment/placebo
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Intratympanic corticosteroids for sudden sensorineural hearing loss (Review) 118

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.



Cochrane
Library

O

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Analysis 3.2. Comparison 3: Intratympanic corticosteroids compared to no
treatment/placebo as secondary therapy, Outcome 2: Proportion improved

1T Placebo/no treatment Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Ho 2004 8 15 1 14 11.2% 7.47[1.07 , 52.33] I 27202000
Lee 2011 10 21 4 25 39.7% 2.98[1.09,8.12] - 222000
Li 2011 9 24 0 20 5.9% 15.96[0.99,258.29] = 2?2?7200
Plontke 2009 2 11 0 10 57% 4.58[0.25, 85.33] N X XXX XX )
Wu 2011 12 27 3 28 32.0% 4.15[1.31, 13.09] S XX XX XX )
Xenellis 2006 9 19 0 18 5.6% 18.05[1.13, 289.10] — 22209000
Total (95% CI) 117 115 100.0% 5.55 [2.89 , 10.68] ‘
Total events: 50 8
Heterogeneity: Chi? = 3.08, df = 5 (P = 0.69); I2 = 0% 0gs o1 T 260
Test for overall effect: Z = 5.14 (P < 0.00001) Favours no treatment/placebo Favours IT
Test for subgroup differences: Not applicable
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Analysis 3.3. Comparison 3: Intratympanic corticosteroids compared
to no treatment/placebo as secondary therapy, Outcome 3: Final PTA
IT Placebo/no treatment Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total  Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI A BCDETFG
Lee 2011 63.2 256 21 71.2 246 25 19.0% -8.00 [-22.59, 6.59] R 27202000
Li 2011 52.9 67.12 24 59.9 51.43 20 3.3% -7.00 [-42.06 , 28.06] JE—— 2720900
Plontke 2009 81.6 252 11 90.5 26 10 84%  -8.90([-30.84,13.04] R 'YYXXXXX)
Wu 2011 549  19.99 27 65.4  19.53 28 37.1%  -10.50[-20.95,-0.05] T X YXXX XX
Xenellis 2006 551 1831 19 69.7 1655 18 321%  -14.60[-25.84, -3.36] — . 27202000
Total (95% CI) 102 101  100.0% -11.09 [-17.46 , -4.72] 0
Heterogeneity: Chi2 = 0.65, df = 4 (P = 0.96); I = 0%
Test for overall effect: Z = 3.41 (P = 0.0006) fo & ) DY
Test for subgroup differences: Not applicable Favours IT Favours no treatment/placebo

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Analysis 3.4. Comparison 3: Intratympanic corticosteroids compared to no treatment/

placebo as secondary therapy, Outcome 4: Change in hearing threshold with speech audiometry

IT Placebo/no treatment Mean Difference Mean Difference
Study or Subgroup Mean [dB] SD[dB] Total Mean [dB] SD[dB] Total Weight 1V, Fixed, 95% CI [dB] 1V, Fixed, 95% CI [dB]
Plontke 2009 (1) -23.3 249 11 -10.5 149 10 100.0% -12.80 [-30.17 , 4.57]
Total (95% CI) 11 10 100.0% -12.80 [-30.17 , 4.57]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.44 (P = 0.15) 100 50 0 50 100
Test for subgroup differences: Not applicable Favours IT Favours placebo/no treatment
Footnotes

(1) Speech reception threshold: level at which 50% of multisyllable numbers were correctly understood.

Analysis 3.5. Comparison 3: Intratympanic corticosteroids compared to no treatment/
placebo as secondary therapy, Outcome 5: Speech audiometry: additional outcomes

1T Placebo/no treatment Mean Difference Mean Difference

Study or Subgroup Mean [%] SD[%] Total Mean[%] SD[%] Total Weight IV, Fixed, 95% CI[%] 1V, Fixed, 95% CI [%]

3.5.1 Maximum speech discrimination: change from baseline

Plontke 2009 (1) 24.4 32 11 4.5 7.6 10 100.0% 19.90[0.41, 39.39]
Subtotal (95% CI) 1 10 100.0% 19.90 [0.41, 39.39]
Heterogeneity: Not applicable

Test for overall effect: Z = 2.00 (P = 0.05)

¢

Total (95% CI) 1 10 100.0% 19.90 [0.41, 39.39]

Heterogeneity: Not applicable

Test for overall effect: Z = 2.00 (P = 0.05) -100 50 50
Test for subgroup differences: Not applicable Favours placebo/no treatment Favours IT
Footnotes

(1) Maximum number of monosyllables understood, in %.
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Analysis 3.6. Comparison 3: Intratympanic corticosteroids compared to no treatment/
placebo as secondary therapy, Outcome 6: Frequency-specific changes with PTA

1T Placebo/no treatment Mean Difference Mean Difference
Study or Subgroup Mean [dB] SD[dB] Total Mean[dB] SD|[dB] Total IV, Fixed, 95% CI [dB] 1V, Fixed, 95% CI [dB]
3.6.1 0.25 kHz
Lee 2011 (1) -17.1 21.69 21 -9 16.77 25 -8.10[-19.47 , 3.27] PR
3.6.2 0.5 kHz
Lee 2011 (1) -16.75 21.1 21 -3.79 19.72 25 -12.96 [-24.84 , -1.08] _
3.6.3 1 kHz
Lee 2011 (1) -10.17 17.78 21 -0.62 18.31 25 -9.55[-20.01, 0.91] _
3.6.42 kHz
Lee 2011 (1) -7.4 15.52 21 -1.43 17.81 25 -5.97 [-15.60, 3.66] —_
3.6.5 3 kHz
Lee 2011 (1) -6.73 14.34 21 -1.3 17.22 25 -5.43 [-14.55, 3.69] —
3.6.6 4 kHz
Lee 2011 (1) -5.71 11.23 21 -2.19 20.39 25 -3.52 [-12.84, 5.80] —
3.6.7 6 kHz
Lee 2011 (1) -10.21 22.96 21 -2.32 4.41 25 -7.89 [-17.86 , 2.08] R
3.6.8 8 kHz
Lee 2011 (1) -3.12 8.94 21 -0.62 13.09 25 -2.50 [-8.90, 3.90] —

50 25 0 25 50

Footnotes Favours IT Favours placebo/no treatment

(1) Data estimated from graph.

Comparison 4. Combined compared to systemic corticosteroids as secondary treatment

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

4.1 Proportion improved 1 76 Risk Ratio (M-H, Fixed, 95% CI)  2.24[1.10, 4.55]

4.2 Speech audiometry: additional 1 Risk Ratio (M-H, Fixed, 95% CI)  Subtotals only

outcomes

4.2.1 Improvement in speech dis- 1 76 Risk Ratio (M-H, Fixed,95% CI)  2.41[1.12,5.18]

crimination score
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Analysis 4.1. Comparison 4: Combined compared to systemic
corticosteroids as secondary treatment, Outcome 1: Proportion improved

Combined Systemic Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total [Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Zhou 2011 17 37 8 39 100.0% 2.24[1.10, 4.55] _._ 0002000
Total (95% CI) 37 39 100.0% 2.24[1.10, 4.55] ‘
Total events: 17 8
Heterogeneity: Not applicable 0.1 02 05 2 5 10
Test for overall effect: Z = 2.23 (P = 0.03) Favours systemic Favours combined

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
Analysis 4.2. Comparison 4: Combined compared to systemic corticosteroids
as secondary treatment, Outcome 2: Speech audiometry: additional outcomes
Combined Systemic Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

4.2.1 Improvement in speech discrimination score

Zhou 2011 (1) 16 37 7 39 100.0% 2.41[1.12,5.18] _._
Subtotal (95% CI) 37 39 100.0% 2.41[1.12,5.18] ‘
Total events: 16 7

Heterogeneity: Not applicable
Test for overall effect: Z = 2.25 (P = 0.02)

Test for subgroup differences: Not applicable 0.})1 0{1 10 160

Favours combined Favours systemic
Footnotes

(1) Reported as the number of individuals who achieved >15% improvement in speech discrimination score.

ADDITIONAL TABLES

Table 1. Adverse events: intratympanic compared to systemic corticosteroids as primary therapy

Adverse Study How reported Details of Rateinin- Ratein RR (95% Cl)
eventre- recovery tervention compara-
ported group (%) tor group
(%)

Tympanic Huang There were no cases of [...] perforation NA 0/52 (0) 0/52 (0)* NA
membrane  2021* of the tympanic membrane
(TM) perfo-
ration

Kosyakov No residual TM perforations All patients 0/24 (0) NA NA

2011 demonstrat-

ed acom-
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Table 1. Adverse events: intratympanic compared to systemic corticosteroids as primary therapy (continued)

plete heal-
ing of TM af-
ter the tym-
panosto-
my tube re-
moval
Rauch 2011  Persistent TM perforation By the 6- 5/129 (3.9) NA NA
month fol-
low-up most
adverse
events had
resolved
Tong 2021 No residual tympanic membrane perfo- ~ NA 0/30(0) NA NA
rations were observed in any of the indi-
viduals at their final visit
Verti- Ermutlu Four patients in the ITS group had tran- NR 4/19 (21) NA NA
go/dizzi- 2017 sient vertigo during the procedure
ness
Huang [...] complained of brief dizziness after IT  No patients 7/52 (13.5) 8/52 (15.4)* NA
2021* injection [...] stopped the
treatment
Rauch 2011  The intratympanic group experienced By the 6- 35/129 13/121 2.53(1.41
adverse effects typical of local injec- month fol- (27.1) (10.7) to 4.54);
tion, most often transient pain at the low-up most favours sys-
injection site and brief caloric vertigo. adverse temic corti-
Note, it is unclear whether all reported events had costeroid; P
instances of vertigo in the intervention resolved =0.002
group occurred at the time of injection.
Swachia Temporary adverse events in 22.7% of NR NR NR NA
2016 patients treated with oral prednisolone
which included [...] and dizziness. In
35% of patients treated with intratym-
panic corticosteroid, adverse events oc-
curred including [...] and dizziness.
Tong 2021 Six of 30 patients in the intratympanic NR 6/30 (20) NA NA
injection group complained of a tran-
sient dizziness lasting about a minute
during treatment
Tsounis One patient experienced transient dizzi-  Symptoms NR NR NA
2018 ness as a result of caloric stimulation resolved
from the injected steroid solution (un- complete-
clear which of 2 groups receiving in- ly within 15
tratympanic injection) minutes and
there was
no need to
discontin-

ue the treat-
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Table 1. Adverse events: intratympanic compared to systemic corticosteroids as primary therapy (continued)

ment. The in-
jections that
followed
caused no
further side
effect.
Tinnitus Swachia In 35% of patients treated with in- NR NR NR NA
2016 tratympanic corticosteroid, adverse
events occurred including [...] ringing
sensation in the ear
Ear pain Al-Shehri Pain due to injection NR 2/19 (10.5) NA NA
2015
Earache NR 4/19 (21.1)  0/20(0) 9.45 (0.54
to 164.49);
favours sys-
temic corti-
costeroid; P
=0.12
Huang 2021 [...] refused repeated IT injectionsdueto NR 3/52 (5.8) 2/52 (3.8) NA
unbearable pain
Rauch 2011  The intratympanic group experienced By the 6- 35/129 NA NA
adverse effects typical of local injection,  month fol- (27.1)
most often transient pain at the injec- low-up most
tion site [...] adverse
events had
resolved
Experienced ear pain at least once By the 6- 70/129 4/121 (3.3) 16.41 (6.18
month fol- (54.3) to 43.59);
low-up most favours sys-
adverse temic corti-
events had costeroid; P
resolved <0.00001
Swachia In 35% of patients treated with in- NR 3/20 (15) NR NA
2016 tratympanic corticosteroid adverse severe ear
events occurred including [...] mild ear pain
pain, severe ear pain (3 patients)
Tong 2021 Some patients had a tolerable pain re- NR NR NA NA
action after the injection
Other Al-Shehri Mood change NR 2/19 (10.5) 8/20 (40) 0.26 (0.06
2015 to 1.08);
favours IT
corticos-
teroid; P =
0.06
Blood glucose problem NR 3/19 (15.8) 6/20 (30) 0.53(0.15
to 1.81);
favours IT
corticos-
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Table 1. Adverse events: intratympanic compared to systemic corticosteroids as primary therapy (continued)

teroid; P =
0.31
Sleep change NR 1/19(5.3) 6/20 (30) 0.18 (0.02
to 1.32);
favours IT
corticos-
teroid; P =
0.09
Increased appetite NR 1/19 (5.3) 5/20 (25) 0.21(0.03
to 1.64);
favours IT
corticos-
teroid; P =
0.14
Mouth dryness/thirst NR 0/19 (0) 5/20 (25) 0.10(0.01
to 1.62);
favours IT
corticos-
teroid; P =
0.10
Weight gain NR 0/19 (0) 3/20 (15) 0.15(0.01
to0 2.72);
favours IT
corticos-
teroid; P=
0.20
Dispenza No complications related to the treat- NA 0/25 (0) 0/21(0) NA
2011 ment were noted in both the groups
Ermutlu No long-term complications were ob- NA 0/19(0) 0/16 (0) NA
2017 served in any of the patients
Hong 2009 No side effects were observed in either NA 0/32(0) 0/31(0) NA
group
Huang Apparent bleeding at intratympanic in- NR 0/52 (0) 0/52 (0) NA
2021* jection site
External otitis or myringitis NR 0/52 (0) 0/52 (0) NA
Otitis media NR 0/52 (0) 0/52 (0) NA
Fluctuation of basal blood pressure (> NR 2/52 (3.8) 7/52 (13.5) NA
10 mmHg)
Fluctuation of fasting blood glucose (>2  NR 5/52 (9.6) 12/52(23.1) NA
mmol/L)
Emotional change NR 8/52 (15.4) 15/52 (28.8) NA
Appetite change NR 13/52 (25.0) 25/52(48.1) NA
Dyssomnia NR 23/52 (44.2) 38/52(73.1) NA
Intratympanic corticosteroids for sudden sensorineural hearing loss (Review) 125
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Table 1. Adverse events: intratympanic compared to systemic corticosteroids as primary therapy (continued)

Water-sodium retention NR 9/52 (17.3) 24/52 (46.1) NA
Acne on face and body NR 2/52 (3.8) 6/52 (11.5) NA
Irregular menstruation NR 5/21(23.8) 11/23(47.8) NA
Cushing's syndrome NR 0/52 (0) 1/52(1.9) NA
Osteoporotic fracture 0 0
Kosyakov In one case an acute suppurative otitis NA NA NA NA
2011 media developed that was eliminated
by local antibacterial therapy. This pa-
tient was excluded from the study.
Nine patients in the ST (standard ther- Complete- NR 9/24 (37.5) NA
apy) group and 12 patients in the in- ly corrected in ST group
travenous corticosteroid group com- after with- and 12/25
plained of sleep loss drawal (48) inin-
travenous
corticos-
teroid
group
No systemic adverse effects related to NA 0/24 (0) NA NA
intratympanic application of steroids
were noticed
No serious side effects related to sys- NA NA 0/49 (0) NA
temic administration of steroids were
observed in the study
Qu 2015 No complications were seen in patients NA NR NR NA
(unclear which group), including those
with hypertension or diabetes
Rauch 2011  Mood change By the 6- 12/129(9.3) 54/121 0.21(0.12
month fol- (44.6) t0 0.37);
low-up most favours IT
adverse corticos-
events had teroid; P <
resolved 0.00001
Blood glucose problem By the 6- 21/129 36/121 0.55(0.34
month fol- (16.3) (29.8) to 0.88);
low-up most favours IT
adverse corticos-
events had teroid; P =
resolved 0.01
Sleep change By the 6- 9/129 (7) 44/121 0.19 (0.1
month fol- (36.4) t0 0.38);
low-up most favours IT
adverse corticos-
events had teroid; P <
resolved 0.00001
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Table 1. Adverse events: intratympanic compared to systemic corticosteroids as primary therapy (continued)

Appetite change By the 6- 6/129 (4.7) 28/121 0.2 (0.09
month fol- (23.1) t0 0.47);
low-up most favours IT
adverse corticos-
events had teroid; P =
resolved 0.0002

Dry mouth/thirst By the 6- 5/129 (3.9) 30/121 0.16 (0.06
month fol- (24.8) to 0.39);
low-up most favours IT
adverse corticos-
events had teroid; P <
resolved 0.0001

Weight change By the 6- 7/129 (5.4) 22/121 0.3(0.13
month fol- (18.2) to0 0.67);
low-up most favours IT
adverse corticos-
events had teroid; P=
resolved 0.004

Ear infection By the 6- 7/129 (5.4) 2/121(1.7) 3.28 (0.7
month fol- to 15.49);
low-up most favours sys-
adverse temic corti-
events had costeroid; P
resolved =0.13

Any adverse event: "Adverse events By the 6- 116/129 106/121 1.03(0.94

were reported by 87.6% (106 of 121) month fol- (89.9) (87.6) to 1.12);

of participants in the oral group and low-up most favours sys-

89.9% (116 of 129) in the intratympanic adverse temic corti-

group." Note: it is unclear whether 'ad- events had costeroid;

verse events' refers to those already re- resolved

ported (and listed for this study in this P=0.56

table).

Serious adverse events: "In the in- NR 6/129 (4.7) 5/121(4.1) 1.13(0.35

tratympanic treatment group, these to 3.59);

included osteomyelitis of the toe, favours sys-

leukemia, myocardial infarction, blad- temic corti-
der cancer, chest pain due to possible costeroid;
endocarditis, and exacerbation of pre-

existing chronic obstructive pulmonary P=0.84

disease. In the oral treatment group, the

serious adverse events were myocar-

dial infarction, cerebral hemorrhage, hy-

ponatremia, hospitalization for possible

transient ischemic attack, and syncope.

The case of hyponatremia arose from

worsening of pre-existent mild renal in-

sufficiency in a patient with type 2 dia-

betes that was deemed study-related."

Rupasinghe  No adverse effects were reported in ei- NA NA NA NA
2017 ther study group during the study period

Swachia Temporary adverse events: temporary NR NR 5/22 (22.7) NA
2016 adverse events in 22.7% of patients
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Table 1. Adverse events: intratympanic compared to systemic corticosteroids as primary therapy (continued)
treated with oral prednisolone which
included puffiness of face, ulcers in
mouth, increased appetite, diarrhea [...]

Adverse events: in 35% of patients treat- NR 7/20 (35) NR NA
ed with intratympanic methylpred-

nisolone adverse events occurred in-

cluding mild ear pain, severe ear pain (3

patients), ringing sensation in ear and

dizziness

Tong 2021 No otitis media [...] observed in any of NA 0/30(0) 0/30(0) NA
the individuals at their final visit

Tsounis No significant complications during NA 0/33(0) NA NA
2018 the intratympanic injections or the fol-
low-up period

*Patients in the comparator group for this trial also received intratympanic (IT) corticosteroid at a later time point in the trial, therefore
complications of IT treatment are included here (Huang 2021). The intervention group received 24 days of IT corticosteroid and the
comparator group received 12 days of systemic (intravenous corticosteroid) followed by 12 days of IT corticosteroid. Rate ratios are not
presented as they are not applicable to the comparison of interest (IT compared to systemic as primary therapy).

Cl: confidence interval; IT: intratympanic; NA: not applicable; NR: not reported; RR: risk ratio; TM: tympanic membrane

Table 2. Adverse events: combined compared to systemic as primary therapy

Adverse Study How reported Details of re- Rateinin- Ratein RR (95%
eventre- covery tervention compara- Cl)
ported group (%) tor group

(%)
TM perfora-  Ahn 2008 No significant complications during or NR 0/60 (0) NA NA
tion after IT dexamethasone, including TM

perforation [...]

Arastou Two patients developed tympanic per- Treated with NR NR NA
2013 foration (reported as 2.6% of whole cauterisa-
study sample; unclear how many from tion and pa-
each group) per patch (n
=1) and tym-
panoplasty (n
=1)
Arslan 2011 None of the patients had an important NR NR NR NA

complication, namely [...] TM perfora-
tion (unclear which group)

Choi 2011 No significant complications during or NR 0/19 (0) NA NA
after IT steroid injection including TM
perforation

Gundogan No case of residual TM perforation [...] No long-term 0/37(0) NA NA
2013 was noted complications
resulting from
either oral
steroid or IT
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Table 2. Adverse events: combined compared to systemic as primary therapy (continued)

steroid in any
of the patients

Verti- Ahn 2008 No significant complications during or NR 0/60 (0) NA NA
go/dizzi- after IT dexamethasone, including [...]
ness vertigo [...]
Arslan 2011 None of the patients had an important NR NR NR NA
complication, namely, [...] vertigo [...]
(unclear which group)
Choi 2011 No significant complications during or NR 0/19 (0) NA NA
after IT steroid injection, including[...]
vertigo [...]
Gundogan Three patients complained of vertigo Recovered af-  3/37(8.1) NA NA
2013 immediately after injection ter 2 hours of
rest
Tsounis One patient experienced transient dizzi-  Symptomsre- NR NR NA
2018 ness as a result of caloric stimulation solved com-
from the injected steroid solution (un- pletely with-
clear which of two groups receiving in- in 15 minutes
tratympanic injection) and there was
no need to
discontinue
the treatment.
The injections
that followed
caused no fur-
ther side ef-
fects.
Tinnitus Ahn 2008 No significant NR 0/60 (0) NA NA
complications during or after IT dexam-
ethasone, including[...] and tinnitus
Arslan 2011 None of the patients had an important NR NR NR NA
complication, namely, [...] tinnitus [...]
(unclear which group)
Choi 2011 No significant complications during or NR 0/19 (0) NA NA
after IT steroid injection, including [...]
tinnitus [...]
Ear pain Arslan 2011 None of the patients had an important NR NR NR NA
complication, namely, [...] otalgia[...]
(unclear which group)
Gundogan Otalgia occurred in 5 patients after IT Relieved after ~ 5/37(13.5) NA NA
2013 corticosteroid injection 1 hour
Other Ahn 2008 No significant complications during or NR 0/60 (0) NA NA

after IT dexamethasone, including [...]
otitis media[...]
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Table 2. Adverse events: combined compared to systemic as primary therapy (continued)

Arslan 2011 None of the patients had an important NR NR NR NA
complication, namely, [...] nystagmus,
otitis media [...] (unclear which group)
Battaglia No long-term complications resulted NR 0/16 (0) 0/18 (0) NA
2008 from either the prednisone taper or the
IT corticosteroid in any of the patients
enrolled in the study
Choi 2011 No significant complications during or NR 0/19 (0) NA NA
after IT steroid injection, including [...]
otitis media [...]
Gundogan No case of [...] otitis media was noted No long-term 0/37 NA NA
2013 complications
resulted from
either oral
steroid or IT
steroid in any
of the patients
No long- term complications resulted NA 0/37 (0) 0/36 (0) NA
from either oral steroid or IT steroid in
any of the patients
Tsounis No significant complications during NA 0/33(0) NA NA
2018 the intratympanic injections or the fol-
low-up period
Koltsi- No significant complications occurred NR 0/46 (0) NA NA
dopoulos during IT injections or the follow-up pe- (significant
2013 riod. One case of otitis media was en- complica-
countered (unclear which group) tions)
IT: intratympanic; NA: not applicable; NR: not reported; TM: tympanic membrane
Table 3. Adverse events: intratympanic compared to no treatment/placebo as secondary therapy
Adverse Study How reported Details of re- Rateinin- Ratein RR (95%
eventre- covery tervention compara- Cl)
ported group (%) tor group
(%)
TM perfora-  Ho 2004 No residual TM perforation NA 0/15(0) NA NA
tion
Li2011 Persistent TM perforation No hearing 1/24 (4.2) NA NA
loss in the af-
fected ear.
The perfora-
tion was treat-
ed successful-
ly with a pa-
per patch.
Plontke One patient (unclear which group) had Small ear NR NR NA
2009 a major catheter dislocation with perfo-  drum perfo-
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Table 3. Adverse events: intratympanic compared to no treatment/placebo as secondary therapy (continued)

ration of ear drum. Note: both groups re-
ceived IT injection, either corticosteroid
or normal saline.

ration was
closed with a
myringoplasty

Wu 2011 Transient TM perforation Healed spon- 1/27 (3.7) NR NA
taneously by
follow-up 1
month later
Xenellis No TM perforation was noticed at last NA 0/19(0) NA NA
2006 visit
Verti- Ho 2004 Complained of vertigo immediately af- Recovered af-  1/15(6.7) NA NA
go/dizzi- ter injection ter 2 hours of
ness rest
Li2011 Three patients complained of vertigo Resolved 3/24 (12.5) NA NA
[...] during the injections within min-
utes
No disequilibrium NA 0/24 (0) NR NA
No dizziness for more than 24 hours NA 0/24 (0) NR NA
Plontke One patient (unclear which group) with Resolved NR NR NA
2009 increase in vertigo
Wu 2011 Temporary dizziness experienced by Relieved by NR NR NA
one-third of subjects (unclear how many resting fora
each group). Note: both groups received  short time.
IT injection, either corticosteroid or nor-  Three partici-
mal saline. pants quit the
trial because
of uncomfort-
able dizziness
(unclear how
many each
group).
Tinnitus Li2011 Three patients complained of vertigoor ~ Resolved 3/24 (12.5) NA NA
an increase in tinnitus during the injec- within min-
tions utes
Hearing Li2011 The injection did notinduce anincrease ~ NA 0/24 (0) NR NA
loss in[...] hearing loss [...] for greater than
24h
Wu 2011 No participant experienced a decrease NA 0/27 0/28 NA
in hearing of 10 dB or more
Ear pain Li2011 The injection did notinduce anincrease  NA 0/24(0) NA NA
in ear pain [...]
Plontke Two patients (unclear how many each Resolved NR NR NA
2009 group) with ear pain. Note: both groups
received IT injection, either corticos-
teroid or normal saline.
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Table 3. Adverse events: intratympanic compared to no treatment/placebo as secondary therapy (continued)

Xenellis A mild ear pain occurring the first hour Easily con- NR NA NA
2006 post-injection trolled with
common anal-
gesics
Other Ho 2004 One of 15 patients had acne NR 1/15(6.7) NR NA
Li2011 No serious complications such as chron-  NA 0/24 (0) NR NA
ic otitis media, disequilibrium or dys-
geusia developed
Plontke One patient (unclear which group) with Resolved NR NR NA
2009 each of: ear canal skin defect, steroid
acne, nausea after antibiotic intake,
gastroenteritis, hypokalaemia, pump
battery failure and viral conjunctivitis.
Three patients with headache (unclear
how many in each group; one consid-
ered as 'possibly', 'probably’ or 'very
likely' related to the study) and 3 (un-
clear how many each group) with in-
creased liver function tests (probably
due to antibiotics).
Wu 2011 Severe nausea or vomiting was not ex- NA 0/27 0/28 NA
perienced by any of the participants af-
ter the injection therapy
Xenellis No infection was noticed in any of the NA 0/19(0) 0/18(0) NA
2006 patients at their last visit
TM: tympanic membrane; NA: not applicable; NR: not reported; IT: intratympanic
Table 4. Adverse events: combined compared to systemic as secondary treatment
Adverse Study How reported Details of recovery Rateinin-  Ratein RR (95%
event re- tervention compara- cl)
ported group (%) tor group
(%)
TM perfora-  Zhou 2011 Three patients had small Successful closure by 3/37(8.1) NA NA
tion eardrum perforations simple treatment
Vertigo Zhou 2011 Second frequent complaint: Not a severe problem NR NA NA
transient vertigo after the drug  if the drug was heated
had been injected into theear  in 37°C water before in-
jection and the verti-
go disappeared after a
few minutes or under
30 minutes
Ear pain Zhou 2011 Most frequent complaint Easily controlled by the  NR NA NA

oral administration of
paracetamol 30 min-
utes before the local in-
fusion of the methyl-
prednisolone
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Table 4. Adverse events: combined compared to systemic as secondary treatment (continued)

Hearing Zhou 2011 No loss in hearing related to NA 0/37(0) 0/39(0) NA
loss* the treatment (in either group)
Other Zhou 2011 One patient had tongue pares-  Resolved after 2 weeks NR NR NA
thesia (unclear which group)
No infections were observed NA NR NR NA
(unclear which group)
Long-term complications did NA 0/37(0) NR NA

not occur in any patients who
received the transtympanic in-

jections

*Hearing loss defined as = 15 dB worsening in pure tone audiometry or = 15% worsening of speech discrimination score.
NA: not applicable; NR: not reported; TM: tympanic membrane

APPENDICES

Appendix 1. Search strategies

CENTRAL

PubMed

Embase (Ovid)

1 MESH DESCRIPTOR Hearing Loss, Sudden EX-
PLODE ALL AND CENTRAL:TARGET

2 MESH DESCRIPTOR Hearing Loss, Sensorineural
EXPLODE ALL AND CENTRAL:TARGET

3 (sudden*):AB,EH,KW,KY,MC,MH,TI,TO AND CEN-
TRAL:TARGET

4 #2 AND #3 AND CENTRAL:TARGET

5 (sshl OR snhl OR ishl OR isshl OR issnhl OR
ssnhl):AB,EH,KW,KY,MC,MH,TI,TO AND CEN-
TRAL:TARGET

6 (sudden* AND (hearing OR deaf)):AB,EH, K-
W,KY,MC,MH, TI, TO AND CENTRAL:TARGET

7 #4 OR#1 OR #5 OR #6 AND CENTRAL:TARGET

8 MESH DESCRIPTOR Administration, Topical EX-
PLODE ALL AND CENTRAL:TARGET

9 MESH DESCRIPTOR Injection, Intratympanic EX-
PLODE ALL AND CENTRAL:TARGET

10 (intratympanic* OR topical* OR local*):AB,E-
H,KW,KY,MC,MH,TI,TO AND CENTRAL:TARGET

11 #8 OR#9 OR #10 AND CENTRAL:TARGET

12 #7 AND #11 AND CENTRAL:TARGET

#1 "HEARING LOSS, SUD-
DEN"[Mesh]

#2 "HEARING LOSS,
SENSORINEURAL"[Mesh]) AND
(sudden®))

#3 (sshl[tiab] OR snhl[tiab]
ORishl[tiab] OR isshl[tiab] OR
issnhl[tiab] OR ssnhl[tiab])

#4 (sudden*[tiab] AND (hear-
ing[tiab] OR deaf*[tiab])))
#5#1 OR#2 OR#3 OR #4

#6 ((intratympanic*[tiab] OR
topical*[tiab] OR local*[tiab])
#7 "Administration, Topi-
cal"[MeSH]

#8 "Injection, Intratympan-
ic"[Mesh]

#9 #6 OR#7 OR #8

#10 #5 AND #9

1 sudden deafness/

2 exp perception deafness/
sudden™.tw.

4 2and3

5 (sshlor snhlorishlorisshlorissnhl or
ssnhl).tw.

6 (sudden* and (hearing or deaf*)).tw.
7 lor4or5o0r6

8 (intratympanic* or topical* or lo-
cal*).tw.

9 topical drug administration/
10  expintratympanic drug administration/
11  8or9orl0

12 7and11
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(Continued)
Web of Science (Web of Knowledge) ICTRP and ClinicalTrials.gov  ICTRP and ClinicalTrials.gov (CRS)
#1 TS=(sshl or snhl orishl orisshl orissnhl or ICTRP 1 (sudden* AND (deaf* OR hearing)) AND
ssnhl) ) ) (local* OR intratympanic* OR topical*) AND
#2 TS=(sudden* and (hearing or deaf*)) sshl OR snhl ORishl OR isshl CENTRAL:TARGET
#3 #1 OR#2 ORissnhl OR ssnhl OR (sudden
#4 TS= (intratympanic* or topica[* or local*) AND (deaf* OR hear*)) 2 http*SO AND CENTRAL:TARGET
#5 #3 AND #4 .
3 (NCTO* or ACTRN* or ChiCTR* or DRKS*
. . or EUCTR* or eudract* or IRCT* or ISRCTN*
Clinicaltrials.gov or JapicCTI* or JPRN* or NTRO* or NTR1* or
dden AND (deaf OR NTR2* or NTR3* or NTR4* or NTR5* or NTR6*
S“ aen AND( lea ”leg; , or NTR7* or NTR8* or NTR9* or SRCTN* or
earing)) AND (local OR in- UMINO*):AU AND CENTRAL:TARGET
tratympanic OR topical)
4 #2 OR#3
5 #1 AND #4
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We have supplemented the methods section with a detailed description of the selection and data extraction process that we used during
the work on the review, i.e. detailed inclusion criteria for studies, inclusion of publications written in the Chinese language, selection of
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treatment arms for inclusion fromincluded studies, numbers of people included in selection and data extraction process, and documented
study parameters that were crucial for the review.

Since the publication of the protocol it has been shown in a meta-analysis on studies using intratympanically applied corticosteroids that
the change of hearing threshold depends on the hearing threshold before the intervention and also on the start of therapy (Liebau 2017).
The studies compared in this review, however, differed with respect to these baseline parameters. In addition, the clinical relevance of
the outcomes "mean change of hearing threshold" and "percentage of patients having improved hearing" also depends the initial hearing
loss. For patients, it is most likely more relevant what final hearing level they will reach, and especially whether the intervention will lead to
"serviceable hearing". Since the information on how many patients reached "serviceable hearing" is missing in nearly all studies selected
in this review, we analysed the mean "final hearing threshold" as a secondary outcome parameter.

During the review work, we identified a comparison that had not been included in the protocol but is important to report. Therefore, we
added the following comparison to the analysis: intratympanic versus intratympanic plus systemic corticosteroids (combined therapy). For
completeness of the possible comparisons, we have also added "intratympanic corticosteroids plus systemic corticosteroids (combined
therapy) versus no treatment or versus placebo", however, no studies were identified for this comparison for either primary or secondary
therapy of ISSNHL.

Due to the lack of availability of individual patient data and the limited number of studies per type of comparison, we could not perform
the following intended subgroup analyses: 1) degree of hearing loss at initial presentation; 2) age of patients; 3) time before start of
intratympanic treatment; 4) duration of intratympanic treatment; 5) dose of intratympanic treatment; 6) presence of vertigo and/or
tinnitus.

The simply stated objective in the abstract replaced the text in the main 'Objectives' section, in order to make them identical.

In the manuscript title the word 'glucocorticoids' has been replaced by 'corticosteroids', since this term is more often used and generally
accepted in the literature on ISSNHL.
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