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Abstract

Objective: The objective of this research is to compare primary and salvage intratympanic

(IT) steroid treatments in terms of hearing outcomes in patients with idiopathic sudden

sensorineural hearing loss (ISSNHL).

Methods: The patients were randomized into two (primary and salvage) groups. Both

groups received systemic steroid treatment for 2 weeks. The primary group also received

IT dexamethasone injection three times during the treatment period, whereas the salvage

group received IT dexamethasone injection only if no or slight recovery was noted at the

2-week follow-up. If needed, salvage steroid injection was administered three times dur-

ing the following 2 weeks. Hearing recovery was analyzed according to the modified

American Academy of Otolaryngology-Head and Neck Surgery criteria.

Results: The degrees of hearing improvement at the 3-month follow-up were similar

in the two groups. Compared with baseline, the pure-tone average values and speech

discrimination scores improved by 38.45 ± 21.95 dB HL and 34.32% ± 30.55%,

respectively, in the primary group and 36.80 ± 22.33 dB HL and 31.87% ± 27.88%,

respectively, in the salvage group (p = .762 and .659, respectively). In addition, the

complete or partial hearing recovery rates were also similar in the primary and sal-

vage groups (67.7% vs. 73.3%, respectively; p = .780). In the salvage group,

18 patients required no IT steroid injection because they recovered after systemic

steroid treatment.

Conclusion: Primary and salvage IT steroid treatments for ISSNHL led to similar out-

comes. In summary, salvage IT steroid injection is recommended for patients with

ISSNHL patients to prevent unnecessary IT injection.

Level of evidence: 2.
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1 | INTRODUCTION

Sudden sensorineural hearing loss is a common condition defined as

the sudden onset of sensorineural hearing loss of >30 dB within

≤3 days across at fewest three contiguous frequencies.1 Approxi-

mately 90% of all cases are idiopathic at presentation.2 The incidence

of idiopathic sudden sensorineural hearing loss (ISSNHL) has been

reported to be 5–20 per 100,000 persons per year.3 However, the

actual incidence may be considerably higher than the reported value

because of underdiagnosed cases, which are resolved spontaneously.

The rate of spontaneous recovery ranges from 32% to 65%.4

Systemic steroid treatment (intravenous or peroral) is the mainstay

therapy for ISSNHL.5,6 However, intratympanic (IT) steroid injection has

been indicated as an alternative to systemic steroid treatment for

ISSNHL.7,8 Some studies have reported higher rates of hearing recovery

in patients with ISSNHL receiving both systemic steroid treatment and IT

steroid injection than in those receiving systemic steroids alone.9,10 Other

studies have indicated high efficacy of IT steroid injection in patients with

ISSNHL not responding to systemic steroid treatment.11,12 The clinical

practice guideline outlined by the American Academy of Otolaryngology-

Head and Neck Surgery (AAO-HNS) recommends IT steroid therapy for

patients with incomplete recovery after systemic steroid treatment.5

However, we found no standard protocol for IT steroid treatment in the

literature.13,14 Considerable differences among countries in clinical prac-

tices for IT steroid treatment for ISSNHL were noted.15

There is limited data available regarding the efficacy of IT steroid as

a salvage therapy for patients who do not respond adequately to sys-

temic steroid treatment. IT steroid injection is administered as either

primary or salvage treatment at the discretion of clinicians. Therefore,

we conducted the present study to compare primary and salvage IT ste-

roid treatments in terms of hearing outcomes in patients with ISSNHL.

2 | METHODS

2.1 | Participants and ethics

This prospective randomized controlled trial analyzed patients with

ISSNHL who were admitted to a single tertiary hospital in Taiwan

between 2021 and 2022. The inclusion criteria were as follows: (1) acute

onset of ≥30 dB unilateral sensorineural hearing loss within ≤3 days

across at fewest three contiguous frequencies; (2) symptom onset

within ≤7 days; (3) initial pure-tone average (PTA) of >40 dB HL; (4) age

of ≥18 years; (5) no identifiable cause of hearing impairment; (6) no

recurrent sudden hearing loss; and (7) no neurological signs other than

dizziness, vertigo, or tinnitus. In addition, we excluded patients with

contraindication for steroid use, a problem in the middle ear, a history

of surgery involving the affected ear, or no willingness to participate.

Figure 1 depicts the study flowchart. This study was approved by the

Institutional Review Board of China Medical University Hospital

(approval number: CMUH110-REC3-139). All procedures were per-

formed in accordance with the relevant guidelines and regulations.

Informed consent was obtained from all the participants.

2.2 | Randomization and treatment

The participants were randomized into two (primary and salvage)

groups. Simple randomization was performed using computer-

generated random numbers. All the patients were hospitalized; they

received intravenous low-molecular-weight dextran (100 g daily) for

5 consecutive days plus intravenous hydrocortisone (300 mg daily) for

the first 3 days followed by oral prednisolone on the fourth (60 mg)

and fifth (50 mg) days. After discharge on the sixth day, the patients

started receiving 40 mg oral prednisolone for 1 day, which was then

tapered (10 mg daily) to a maintenance dose of 10 mg/day. The total

duration of systemic steroid treatment was 2 weeks. The primary

group simultaneously received IT dexamethasone injection three

times during the treatment period, whereas the salvage group

received IT dexamethasone injection only if no or slight recovery was

noted at the 2-week follow-up. For the patients who required salvage

IT steroid treatment, injection was administered three times in the fol-

lowing 2 weeks.

IT steroid injection was administered during hospitalization or in

the outpatient setting. Patients received IT steroid injection without

any analgesia or with 10% lidocaine (pump spray; xylocaine; dose,

10 mg; Mey See Pharm, Kaohsiung, Taiwan) for pain control. Under

microscopic guidance, 0.4–0.8 mL of dexamethasone sodium phos-

phate (5 mg/mL; Taiwan Veterans Pharm, Taoyuan, Taiwan) was

injected into the middle ear cavity through the anteroinferior quad-

rant of the tympanic membrane by using a 25-gauze needle. After

administration, the patients were instructed to remain in the supine

position with the affected ear facing upward for 30 min and to avoid

speaking, yawning, or swallowing, which could have promoted steroid

passage across the round window membrane and avoided steroid

leakage into the Eustachian tube.

2.3 | Data collection and analysis

The following data were collected: age, sex, affected ear, period from

hearing loss onset to therapy initiation, associated symptoms (tinnitus,

dizziness, or vertigo), comorbidities, and initial audiogram patterns.

Audiogram patterns were categorized according to Sheehy classifica-

tion: low-tone loss, high-tone loss, flat loss, and total loss.16 Audio-

metric (pure-tone and speech) data were obtained upon admission

(before the initiation of treatment); on the day of discharge; at the

2-week follow-up; and at the 1-, 2-, and 3-month follow-ups. Air con-

duction thresholds were recorded at 0.25, 0.5, 1, 2, 4, and 8 kHz. The

PTA was the average value of the 0.5-, 1-, 2-, and 4-kHz thresholds of

air conduction. The speech discrimination score (SDS) was calculated

at each follow-up.

We compared the patients' hearing test results before the treat-

ment with those obtained after 2 weeks and 3 months of follow-up.

The groups were compared in terms of the improvements in their PTA

values and SDSs. Furthermore, pure-tone threshold improvements for

each tone (0.25, 0.5, 1, 2, 4, and 8 kHz) were recorded and compared

between the groups. Hearing recovery was classified according to the
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modified AAO-HNS criteria: complete recovery, PTA within 10 dB

and SDS within 5%–10% of the corresponding values of the unaf-

fected ear; partial recovery, improvement of >10 dB in PTA or >10%

in SDS, PTA of ≤50 dB, and SDS of >50%; slight recovery, improve-

ment of >10 dB in PTA or >10% in SDS, PTA of >50 dB, and SDS of

≤50%; and no recovery, improvement of <10 dB in PTA and <10% in

SDS.5,17 The initial hearing level of the unaffected ear was used as the

baseline value for evaluating hearing recovery. The rate of hearing

recovery was compared between the groups. Subgroup analysis was

performed by comparing the hearing results of patients with severe to

profound hearing loss (PTA > 70 dB HL). Early recovery was defined

as partial or complete recovery at the 2-week follow-up.

2.4 | Statistical analysis

Statistical analyses were performed using SPSS (version 25.0; IBM

Corporation, Armonk, NY, USA). The Mann–Whitney U test was used

to compare numerical variables between the groups. Fisher's exact

test was used for categorical variables. A p value of <.05 indicated sta-

tistical significance.

3 | RESULTS

3.1 | Patient demographics

In total, 125 patients were assessed for eligibility; from these patients,

60 were excluded (Figure 1). Thus, 65 patients (age range, 18–83 years)

were included in the analysis. After randomization, 32 and 33 were in

the primary and salvage groups, respectively. A total of 3 patients (pri-

mary group, 1; salvage group, 2) were excluded because of treatment

protocol violations. A salvage group patient was excluded because of a

diagnosis of acoustic neuroma. Thus, 31 primary group patients (mean

age, 48.4 ± 12.7 years) and 30 salvage group patients (mean age, 49.9

± 12.8 years) were included in the final analysis. Table 1 presents the

patient demographics and baseline auditory data. No significant

between-group difference was noted before the treatment.

F IGURE 1 Study flowchart. Hearing
recovery was defined according to the
modified American Academy of
Otolaryngology-Head and Neck Surgery
criteria.
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3.2 | Treatment outcomes

In the salvage group, 18 patients (60%) had complete or partial recov-

ery at the 2-week follow-up and thus required no IT steroid injection.

However, 12 patients (40%) in the salvage group showed slight or no

recovery at the 2-week follow-up; therefore, they received salvage IT

steroid injection 3 times in the following 2 weeks.

At the 2-week follow-up, significant improvements were noted in

the average PTA values of the primary and salvage groups (29.9

± 24.1 and 28.3 ± 21.4 dB, respectively); however, the between-

group difference was nonsignificant (p = .734). The improvements in

the SDSs of the primary and salvage groups were 25.9% ± 32.5% and

24.0% ± 27.1%, respectively; however, the between-group difference

was nonsignificant (p = .761). At the 2-week follow-up, the rates of

complete, partial, slight, and no recovery were 29.0%, 29.0%, 12.9%,

and 29.0% in the primary group and 33.3%, 26.7%, 13.3%, and 26.7%

in the salvage group, respectively. The early recovery (complete and

partial) rates were 58.1% and 60.0% in the primary and salvage

groups, respectively; no significant between-group difference was

observed (p = 1.000). Table 2 shows the hearing gain and recovery

results of the primary and salvage groups at the 2-week follow-up.

At the 3-month follow-up, significant improvements were noted

in the average PTA values of both the primary and salvage groups

(38.5 ± 22.0 and 36.8 ± 22.3 dB, respectively); however, no significant

between-group difference was noted (p = .762; Figure 2). The

improvements in the SDSs of the primary and salvage groups were

34.3% ± 30.6% and 31.9% ± 27.9%, respectively; however, no signifi-

cant between-group difference was noted (p = .659). For 0.25, 0.5,

1, 2, 4, and 8 kHz, the average hearing gains in terms of PTA were

37.8 ± 29.8, 40.8 ± 27.1, 40.5 ± 24.5, 39.0 ± 25.5, 33.4 ± 23.4, and

19.4 ± 17.8 dB in the primary group and 38.5 ± 26.1, 45.7 ± 24.7,

41.7 ± 26.1, 34.3 ± 24.3, 25.0 ± 20.7, and 21.7 ± 17.7 dB in the sal-

vage group, respectively. No significant between-group difference

was noted for hearing improvement (Figure 3) or recovery (Table 2).

The rates of complete, partial, slight, and no recovery were 45.2%,

22.6%, 19.4%, and 12.9% in the primary group and 56.7%, 16.7%,

13.3%, and 13.3% in the salvage group, respectively. At the 3-month

follow-up, the overall recovery (complete and partial)17 rates were

67.7% and 73.3% in the primary and salvage groups, respectively; no

significant between-group difference was observed (p = .780). More-

over, no significant between-group difference was noted in the rate

of complete, partial, or slight recovery (p = 1.000).

A total of 43 patients (primary group, 31; salvage group, 12)

received IT steroid injection. Postinjection transient dizziness was

noted in 7 of these patients (16.3%), and postinjection vertigo was

observed in 1 (2.3%); this patient had complete recovery within 3 h

after receiving the injection. Twenty-five (58.1%) patients had mild,

tolerable pain during the procedure. Tongue numbness was reported

by 1 patient (2.3%); this patient had complete recovery 1 week

posttreatment.

TABLE 1 Patient demographics and
baseline auditory dataa.Variable

Primary group Salvage group p value
(n = 31) (n = 30)

Age (years) 48.4 ± 12.7 49.9 ± 12.8 .762

Sex (male/female) 14:17 (45.2:54.8) 15:15 (50.0:50.0) .800

Affected ear (left/right) 16:15 (51.6:48.4) 18:12 (60.0:40.0) .609

Onset (days) 3.7 ± 2.0 4.2 ± 2.1 .286

Dizziness or vertigo 17 (54.8) 17 (56.7) 1.000

Tinnitus 29 (93.5) 25 (83.3) .255

Diabetes mellitus 3 (9.7) 2 (6.7) 1.000

Hypertension 6 (19.4) 7 (23.3) .762

Hyperlipidemia 3 (9.7) 2 (6.7) 1.000

Initial audiogram patternsb

Low-tone loss 3 (9.7) 5 (16.7) .901

High-tone loss 6 (19.4) 6 (20.0)

Flat loss 15 (48.4) 13 (43.3)

Total loss 7 (22.6) 6 (20.0)

Initial PTA (dB) of the affected ear 80.4 ± 17.1 76.4 ± 18.9 .359

Initial SDS (%) of the affected ear 48.9 ± 30.7 53.9 ± 31.6 .432

PTA (dB) of the unaffected ear 18.1 ± 8.4 18.6 ± 7.8 .851

SDS (%) of the unaffected ear 100 ± 0 100 ± 0 1.000

Abbreviations: PTA, pure-tone average; SDS, speech discrimination score.
aData are presented as mean ± standard deviation values or numbers with percentage values in

parentheses.
bAudiogram patterns were categorized according to the Sheehy classification.
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3.3 | Subgroup analysis results

Table 3 presents the results of subgroup analysis for patients with

severe to profound hearing loss (PTA > 70 dB HL). At the 2-week and

3-month follow-ups, no significant between-group difference was

noted for PTA or SDS improvement. The early recovery rates were

50% and 38.9% in the primary and salvage groups, respectively

(p = .532). At the 3-month follow-up, the overall recovery rates were

42.9% and 45.8% in the primary and salvage groups, respectively

(p = 1.000). No significant between-group difference was noted for

the rate of hearing recovery.

4 | DISCUSSION

We compared primary and salvage IT steroid treatments for ISSNHL

and found that primary IT steroid injection was not superior to salvage

IT steroid injection. In addition, no considerable improvement in early or

overall hearing recovery, evaluated in terms of PTA and SDS and

assessed according to the modified AAO-HNS criteria, was observed in

the patients receiving primary IT steroid injection compared with those

receiving salvage IT injection. In the patients with severe to profound

ISSNHL, the two treatments led to similar hearing outcomes.

The incorporation of IT steroid injection into systemic steroid treat-

ment increases the likelihood of hearing recovery in patients with

ISSNHL.9,10 Battaglia et al. found that patients receiving a combination

therapy (IT steroid and high-dose prednisolone taper) exhibited, on aver-

age, 44% improvement in SDS and 40 dB improvement in PTA after

4 weeks of treatment.10 The combination therapy significantly improved

the patients' SDSs; a higher proportion of patients receiving the combina-

tion therapy exhibited substantial improvements in PTA (>15 dB) com-

pared with those receiving prednisolone alone.10 In their prospective

study, Arslan et al. reported that the average PTA gains after 2 weeks of

treatment were higher in patients receiving a combination therapy than in

TABLE 2 Hearing recovery after 2 weeks and 3 months of treatmenta.

Variable

2-week follow-up 3-month follow-up

Primary group
(n = 31)

Salvage group
(n = 30) p value

Primary group
(n = 31)

Salvage group
(n = 30) p value

PTA improvement (dB) 29.9 ± 24.1 28.3 ± 21.4 .734 38.5 ± 22.0 36.8 ± 22.3 .762

SDS improvement (%) 25.9 ± 32.5 24.0 ± 27.1 .761 34.3 ± 30.6 31.9 ± 27.9 .659

Complete recoveryb 9 (29.0) 10 (33.3) .786 14 (45.2) 17 (56.7) .446

Partial recoveryb 9 (29.0) 8 (26.7) 1.000 7 (22.6) 5 (16.7) .749

Slight recoveryb 4 (12.9) 4 (13.3) 1.000 6 (19.4) 4 (13.3) .731

No recoveryb 9 (29.0) 8 (26.7) 1.000 4 (12.9) 4 (13.3) 1.000

Complete and partial recovery 18 (58.1) 18 (60.0) 1.000 21 (67.7) 22 (73.3) .780

Complete, partial, and slight recovery 22 (71.0) 22 (73.3) 1.000 27 (87.1) 26 (86.7) 1.000

Abbreviations: PTA, pure-tone average; SDS, speech discrimination score.
aData are presented as mean ± standard deviation values or numbers with percentage values in parentheses.
bTreatment outcomes were analyzed according to the modified American Academy of Otolaryngology-Head and Neck Surgery criteria.

F IGURE 2 PTA values of the primary and salvage groups before
treatment and after 2 weeks and 1, 2, and 3 months of treatment. In
both groups, significant improvement was noted in the average PTA
value at the 3-month follow-up (***p < .001). However, no significant
between-group difference was noted (p > .05). PTA, pure-tone
average. F IGURE 3 Improvement in hearing threshold (in terms of

frequency) after 3 months of treatment. No significant between-
group difference was noted (p > .05).
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those receiving systemic steroid alone (21.8 and 13.0 dB, respectively).9

On the basis of the improvements in hearing outcomes (>10 dB gain for

PTA), the rate of hearing recovery was higher in the combination therapy

group than in the systemic steroid alone group.9 However, Ahn et al.

found that the total rate of hearing recovery (more than slight recovery

according to Siegel's criteria) after 3 months of treatment was 73.3% in a

combination therapy group and 70% in a systemic steroid alone group;

thus, they concluded that the incorporation of IT steroid treatment into

systemic steroid treatment did not enhance hearing outcomes in patients

with ISSNHL.18

The use of IT steroid injection as a salvage treatment after sys-

temic steroid treatment for ISSNHL has been proposed in several

studies.4,11,19,20 The AAO-HNS clinical practice guideline for sudden

hearing loss recommends IT steroid treatment for patients with

ISSNHL who have incomplete recovery after conventional systemic

steroid treatment. However, a key problem is that the definition of

hearing recovery varies across trials.5 A study exploring the real-world

clinical practice of IT steroid injection for ISSNHL revealed wide dif-

ferences across countries: 41% of UK clinicians reported prescribing

IT steroids with oral steroids as the first-line therapy, 86% of US clini-

cians reported prescribing IT steroids with systemic steroids as the

first-line therapy, and 74% of Austrian or German clinicians reported

not prescribing IT steroids as the first-line therapy.14 These findings

indicate the need for a standard protocol for IT steroid treatment.

Few studies have compared simultaneous systemic plus IT steroid

treatment and salvage IT steroid treatment alone in terms of their effi-

cacy. In our study, the primary and salvage groups did not differ in terms

of demographics, auditory data, or initial audiogram patterns. Compared

with other patterns, a low-tone loss pattern indicated improved progno-

sis.16 We found no significant between-group difference in the distribu-

tion of the initial audiometric patterns, which suggests high reliability in

our findings. In addition, our study revealed that primary IT steroid injec-

tion may not be superior to salvage IT steroid injection. Overall recovery

rates were similar between the primary and salvage groups (67.7% vs

73.3%, respectively; p = .780). This finding corroborates that of a pro-

spective randomized controlled trial indicating that simultaneous (primary)

use of IT dexamethasone did not result in more hearing gain, earlier

recovery, or higher overall recovery rate compared with the outcomes of

subsequent (salvage) use of IT dexamethasone.21 The aforementioned

study also reported that at the 3-month follow-up, the overall recovery

rates were 63.6% and 56.8% in the primary and salvage groups, respec-

tively; no significant between-group difference was noted.21

The present study found no significant between-group difference in

hearing gain, early recovery, or overall recovery for patients with severe

to profound hearing loss. The early and overall recovery rates were 50%

and 42.9% in the primary group and 38.9% and 45.8% in the salvage

group (p = .532 and 1.000), respectively. Our findings are consistent with

those of Yoo et al., who compared primary and salvage IT steroid treat-

ments in terms of their efficacy against severe to profound ISSNHL.17

They reported that the patients had complete or partial recovery at the

2-month follow-up according to modified AAO-HNS criteria. The recov-

ery rates were 33% and 35% in the primary and salvage groups, respec-

tively; the between-group difference was nonsignificant.17

In our study, some complications were noted during IT dexametha-

sone injection; these problems included transient dizziness (16.3%), postin-

jection vertigo (2.3%), mild painful sensation (58.1%), and tongue

numbness (2.3%). Similar complications were reported by Liu et al., namely

tinnitus (5.4%), transient dizziness (16.9%), postinjection vertigo (1.8%),

mild (tolerable) pain (75.9%), tongue numbness (0.7%), and persisting ear-

drum perforation (1.7%).22 Most of our patients had no or very few com-

plications during IT steroid treatment, and such problems can be avoided.

Eighteen of the patients (60%) in the salvage group had complete or par-

tial recovery at the 2-week follow-up; therefore, these patients did not

receive any IT steroid injection. Clinicians should weigh the benefits and

harms of IT steroid injection before prescribing it to treat ISSNHL.

Our study had some limitations. First, the sample size was small;

hence, we could not identify any significant relationships. Neverthe-

less, we used nonparametric analysis methods in this study to reduce

the risk of inaccurate conclusions. Second, the combined use of low-

molecular-weight dextran might have influenced the outcomes. Nev-

ertheless, we used dextran in both groups to reduce any likely biases.

Finally, because of the lack of a standard definition for hearing recov-

ery, comparing studies is challenging5,23; in addition, this deficiency

leads to wide variation in the protocol for IT steroid treatment.24

Thus, in the future, a standard definition of hearing recovery must be

proposed; furthermore, large, multicenter randomized controlled trials

should use this definition to comprehensively compare primary and

salvage IT steroid treatments in terms of their efficacy.

5 | CONCLUSION

In this study, primary and salvage IT dexamethasone treatments led to

similar hearing outcomes in patients with ISSNHL. To avoid

TABLE 3 Hearing recovery after 2 weeks and 3 months of treatment for severe to profound idiopathic sudden sensorineural hearing lossa.

Variable

2-week follow-up 3-month follow-up

Primary group (n = 20) Salvage group (n = 18) p value Primary group (n = 20) Salvage group (n = 18) p value

PTA improvement 34.76 ± 26.07 29.65 ± 24.16 .432 44.05 ± 22.07 43.35 ± 23.71 .954

SDS improvement 36.38 ± 34.13 34.35 ± 32.41 .601 47.43 ± 27.72 47.53 ± 28.00 .977

Complete and partial recoveryb 10 (50.0) 7 (38.9) .532 6 (42.9) 11 (45.8) 1.000

Abbreviations: PTA, pure-tone average; SDS, speech discrimination score.
aData are presented as mean ± standard deviation values or numbers with percentage values in parentheses.
bTreatment outcomes were analyzed according to the modified American Academy of Otolaryngology-Head and Neck Surgery criteria.
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unnecessary postinjection complications, IT steroid treatment should

be administered to only patients with incomplete recovery after con-

ventional systemic steroid treatment.
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