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Research in Context 

Evidence before this study: 

We searched the terms “Meniere’s disease”, “gentamicin”, “steroid” and “intratympanic” in PubMed 

and ClinicalTrials.gov between July 2008 and April 2016. No double-blind controlled RCT had been 

conducted comparing intratympanic gentamicin to corticosteroids in unilateral refractory Meniere’s 

disease. Previous open label trials have shown a beneficial effect of intratympanic gentamicin versus 

placebo but there are no definitive results for intratympanic corticosteroids. In the absence of evidence 

however, many ENT surgeons use intratympanic steroids but their efficacy is heavily contested. Two 

recent Cochrane reviews stated the shortage of double-blind controlled RCTs in Meniere’s disease. 

This is probably due to the difficulty recruiting patients and the long two-year follow-up to meet the 

requirements for reporting results set out by the American Academy of Otorhinolaryngology Head 

and Neck Surgery (AAO-HNS).      

 Added value of this study: 

We present the first double-blind controlled RCT comparing intratympanic gentamicin (control) to 

corticosteroids (investigational treatment) in unilateral Meniere’s disease. This study shows that both 

gentamicin and methylprednisolone injections are effective in controlling vertigo attacks and 

vestibular-mediated disability in refractory unilateral MD.  An interesting secondary finding was that 

the number of patients experiencing a clinically meaningful deterioration in speech perception is 

higher in those receiving gentamicin than those receiving steroids. 

 Implications of all the available evidence: 

There are two effective treatments for refractory unilateral MD, intratympanic gentamicin and 

steroids.  Patients and doctors now have a choice of two validated treatments.  Gentamicin is a 

vestibulo-toxic (ablative) treatment and the post-injection loss of vestibular function is fully expected.  

If we add to this the small but not negligible risk to hearing posed by gentamicin injections, patients 

and doctors should weigh carefully individual circumstances and preferences when choosing a drug. 

Corticosteroids would be preferred by many patients because it has no side-effects and, unlike 

gentamicin, it is suitable in bilateral disease.   
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Abstract 

Background: Ménière’s disease (MD) is characterised by severe vertigo attacks and deafness. 

Intratympanic gentamicin ablates vestibular function, quells vertigo and is the standard treatment for 

refractory MD - but it can worsen hearing. Intratympanic corticosteroids may reduce vertigo without 

harming hearing but no RCT comparing steroids versus gentamicin is available. 

Methods: In this comparative effectiveness trial, refractory unilateral MD patients, defined according 

to the American Academy of Otolaryngology, were double-blindly randomised (1:1 block-design) to 

intratympanic methylprednisolone (n=30, 62·5mg/ml) or gentamicin (n=30, 40mg/ml) and followed-

up over two years at Charing Cross Hospital (Imperial NHS, London) and Leicester Royal Infirmary, 

Leicester, UK. Primary outcome was vertigo frequency over the final 6-months (18-24months post-

injection) compared to a 6-month pre-injection baseline. Secondary outcomes were vestibular and 

auditory symptoms (validated questionnaires) and hearing preservation (audiometry). 

ClinicalTrials.gov:NCT00802529. 

Findings: For intention-to-treat analysis i.e., all 60 patients, number of vertigo attacks/6months 

(primary outcome) fell from 19·9 to 2·5 [87%] in the gentamicin arm and 16·4 to 1·6 [90%] in the 

steroid arm (difference in absolute number of attacks in the final 6months -0·9; 95%CI -3·4 to 1·6). 

Both drugs reduced the number of vertigo attacks at 2 years (P<0·0001), with equal efficacy 

(P=0·51). For hearing preservation (secondary outcome), there was no difference (P=0·18) between 

drugs for hearing thresholds (final difference -2·45decibels, 95%CI -13·4 to 8·5). Both drugs reduced 

auditory and vestibular symptoms equally. As protocol, patients whose vertigo did not respond post-

injection (‘non-responders’) were considered for additional injections by an unblinded physician (8 

patients gentamicin vs. 15 patients steroid). Two ‘non-responders’ switched from steroid to 

gentamicin. Results were the same with per-protocol analysis. Both drugs were well tolerated with no 

safety concerns.  

Interpretation: There was no statistical difference between gentamicin or steroid for vertigo control. 

Steroid injections are a non-ablative, effective treatment for refractory MD. 
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Introduction 

Ménière’s disease (MD) produces devastating vertigo attacks1.  In the initial phases of MD no 

treatment is proven to decrease the frequency or intensity of the attacks2.  However, in aggressive 

phases with frequent and severe vertigo episodes, intratympanic injections of gentamicin are 

effective3.  This treatment is a minimally invasive outpatient procedure but, given that the therapeutic 

effects rely on the ototoxic properties of gentamicin, patients are left with a fixed vestibular deficit4.  

More worryingly, in up to 20% of cases hearing function can also deteriorate5, 6. 

Corticosteroids,  which do not harm inner ear function,  have also been tried 7 but, to date, no double-

blind prospective RCT of steroids versus gentamicin is available. In a double-blind study, a positive 

outcome for intratympanic steroids was reported but the control group received placebo (not 

gentamicin), study numbers were small (n=22)8 and a Cochrane review failed to support its 

conclusions 5. A paper comparing gentamicin versus steroid treatment 9 found the latter inferior but 

the study was non-blinded and retrospective. As a result, views expressed on the effectiveness of 

intratympanic steroid injections vary widely10, 11. 

Herewith we present the first double-blind RCT trial of intratympanic gentamicin versus steroid 

for unilateral MD. We chose methylprednisolone rather than dexamethasone as steroid because 

intratympanic perfusion in animals suggests higher endolymphatic levels of methylprednisolone 

compared with dexamethasone12. Methylprednisolone in humans also produces higher 

perilymph concentrations 13 and, if mineralocorticoid receptor-binding is important in hearing 

recovery14, methylprednisolone has greater affinity for this than dexamethasone. From a 

practical viewpoint there is limited availability of high dose dexamethasone (24mg/ml) whereas 

methylprednisolone is readily available in most pharmacies at various concentrations.   

The primary outcome of the trial was control of vertigo attacks; secondary outcomes were 

auditory and vestibular symptoms (questionnaire data) and hearing preservation (audiometry). 

MD is a fluctuating disease with a high placebo effect so patients were followed for 2 years as 

recommended by the American Academy of Otorhinolaryngology, Head & Neck Surgery 
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(AAO-HNS) guidelines15.  These guidelines were issued in 1995 but, surprisingly, no double-

blind RCT on intratympanic injections has fully adopted them. To see if gentamicin predictably 

ablated vestibular function and to assess cochlear damage (secondary outcome) we applied a 

detailed audio-vestibular test battery.  

 

Methods 

The study was approved by the London-Fulham Research Ethics Committee, sponsored by Imperial 

College NHS (ClinicalTrials.gov NCT00802529) and funded by the Ménière’s Society (charity 

number: 297246) and Imperial NIHR BRC. The study was conducted at two centres in the UK, 

Charing Cross Hospital (primary site, 55 patients) and Leicester Royal Infirmary (secondary site, 5 

patients). 

Inclusion criteria were patients 18-70 years of age with definite unilateral MD having experienced at 

least 2 episodes of rotational vertigo lasting at least 20min in the previous 6 months and shown no 

response to standard medical treatment. Exclusion criteria were evidence of bilateral Ménière’s 

disease, additional neuro-otological disorders (e.g., vestibular migraine, vertebro-basilar transient 

ischemic attacks, acoustic neuroma), concurrent middle ear pathology, family history of unexplained 

deafness, known history of adverse effect to gentamicin or steroids, renal failure, severe disability 

(e.g., neurological, orthopaedic, cardiovascular) or serious concurrent illness that might interfere with 

treatment or follow up or pregnancy. All patients provided written consent, and the study was 

performed in accordance to the Declaration of Helsinki and International Council for Harmonisation’s 

Good Clinical Practice. All patients were individually discussed by the first (MP and KA) and last 

authors (AMB) and enrolled by the first authors.  

Intratympanic injections were carried out in outpatient ENT clinics (see appendix for procedure). 

Injections were delivered in courses of two, spaced two weeks apart. Patients were advised not to 
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change any previous oral medication or dietary treatments for MD. Medications for other illnesses 

were not restricted and patients saw their GP for general medical care.   

 

Randomisation and Masking: 

In this comparative effectiveness trial, patients were randomly assigned to methylprednisolone 

(62.5mg/ml) or gentamicin (40mg/ml) (1:1) and assessed over two years at baseline (0 months) and at 

1, 2, 6, 12, 18 and 24 months (Figure 1A). The double-blind randomisation sequence was generated 

by constructing 15 blocks of 4 possible combinations, containing 2 Steroid and 2 Gentamicin 

treatments to keep drug allocation roughly equal throughout recruitment (a technical engineer outside 

the trial team constructed this sequence). The randomisation sequence was allocated in numerical 

order, retained and concealed by the Charing Cross Hospital and Leicester Royal Infirmary pharmacy 

aseptic units who prepared each injection in unremarkable 1ml glass syringes and documented the 

drug history for each patient. The pharmacy units assigned participants to interventions but did not 

reveal the drug sequence to any member of the trial team. 

 

Safety Measures:  

An audiogram was obtained just before the second injection (two weeks after the first) which was 

assessed by a blinded consultant (MH) and reported to the pharmacy. Following a 20dB (decibel) 

drop in hearing across any two consecutive frequencies, the pharmacy (without informing the trial 

team) switched gentamicin for saline (Figure 1A). As steroids do not disturb hearing, patients 

randomised to steroid were given a second steroid injection.   

Non responders:  If vertigo attacks returned (= non-responder) an unblinded consultant (BMS) 

prescribed a further course of intratympanic injections but the patient and everybody else remained 

blind. The clinician had the choice to prescribe the same drug or swap, basing this decision on the 

patient’s response to previous injections. 
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Primary Outcome:   

The primary outcome was relief from vertigo15, assessed as the number of vertigo attacks in the final 6 

months (18-24 months after first injection) compared to a six-month pre-intratympanic injection 

baseline15. The number of vertigo attacks was assessed during a face-to-face appointment before 

treatment and at 24months follow-up.  

Secondary Outcomes: 

Secondary outcomes were the number of vertigo attacks in the final one month compared to a one- 

month baseline, questionnaire measures of audio-vestibular symptoms and hearing levels measured 

with audiometry.   

Patients completed the Vertigo Symptom Scale short-form (VSS, 0-60 scale 16, comprising vertigo 

(VSS_V) and autonomic (VSS_A) subscales), the Dizziness Handicap Inventory (DHI, 0-100 scale 

17), the Functional Level Scale (FLS, a six-point scale to assess effects of vertigo on daily activities 

15
), Tinnitus Handicap Inventory (THI, 0-100 scale 

18
) and Aural Fullness Scale (AFS, 0-10 analogue 

scale 8) at baseline and 2-6-12-18-24 months. 

Pure-tone audiometry (Interacoustics, Middelfart, Denmark) was performed at baseline and 1-2-6-12-

18-24 months. Pure-tone audiometry tests were contralesional and ipsilesional air conduction 

thresholds at 0·25, 0·5, 1, 2, 3, 4, 6 and 8KHz and bone conduction at 0·5, 1, 2 and 4KHz. In the 

analysis, we took the average ipsilesional pure-tone low-frequency threshold (decibels, dB) across 

0·5, 1, 2 and 3KHz in line with the AAO-HNS (1995) recommendations for reporting hearing loss in 

Ménière’s disease 15. Bone conduction thresholds were used in the speech audiometry assessment (see 

below) and for routine clinical assessment.  

Speech discrimination was performed at baseline, 1-2-6-12-24months and was assessed by means of 

ipsilesional suprathreshold word recognition (%). Arthur Boothroyd's isophonemic word lists (AB 

wordlists, Guymark, Southampton) comprising sets of 10 words were played to the ipsilesional ear at 

the low-frequency pure-tone threshold of 0·5, 1 and 2 kHz +30dB with masking sound in the 
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contralesional ear if necessary. The formula for masking level was: low-frequency pure-tone threshold 

in ipsilesional ear – bone conduction mean threshold (0·5, 1 and 2KHz) in contralesional ear – 40dB. 

Speech loudness and masking were rounded to the nearest 5dB. Step increments and decrements of 

10dB for speech loudness and masking were used to attain the maximum speech discrimination score.   

 AAO-HNS outcomes: 

American Academy of Otolaryngology outcomes (AAO-HNS outcomes 15) are described and reported 

in the Appendix. 

Vestibular tests:  

We performed vestibular function tests to assess the vestibular response to the drugs, in particular the 

ototoxic effect of gentamicin, at baseline and 1-2-12-24months, including caloric tests, cervical 

vestibular evoked myogenic potentials and utricular centrifugation (details in Appendix). 

 

Statistical Analyses  

At the time of planning of our study published data on intratympanic gentamicin versus steroid 

treatment for Meniere’s disease were limited. However, hearing loss can be a significant side effect of 

gentamicin treatment for Meniere’s disease since it is a destructive agent whereas steroid is not likely 

to cause this unwanted side-effect. We took the hearing loss data in the study of Sennaroglu et al19 

which reported hearing data in sufficient detail to make an estimate of the hearing loss in dB for the 

two types of treatment. In Sennaroglu et al19 (Table 4) a number of patients were classified as having 

total hearing loss which occurred only in the gentamicin group. We assigned a value of -70dB for 

total hearing loss. From these data, we calculated that the dexamethasone group had a mean hearing 

loss of -2 dB and the gentamicin group had a mean hearing loss of -11dB. We estimated the effect 

size as the difference in hearing loss between the two treatments of 9dB divided by SD 11dB, giving 

an estimate of effect size for difference between the two treatments in terms of hearing loss as d=0·8. 

Using the package G*Power we performed a sample size calculation that with effect size set to 0·8, 
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with P=0·05 2-tail at 80% power, we would require n=26 per group. To allow for 10% dropout, and 

taking into account 4 patient block randomisation, 30 patients per group were thus required.  

Baseline characteristics were compared between groups with independent-samples t-tests. Repeated-

measures general linear model ANOVA were performed to investigate drug differences (drug, 2 

levels: gentamicin versus steroid), the difference between pre and post treatment across all measured 

time-points (time) and interactions.  For number of vertigo attacks during the final 6 months (primary 

outcome) and during the final month ‘time’ refers to two intervals only (baseline vs. final) but for all 

other outcomes ‘time’ includes all testing intervals. Drug actions were deemed to be not significantly 

different if there was no significant drug or drug x time interaction effect for the variable under 

consideration in the ANOVA.  

Analyses were performed with the intention-to-treat population, then per-protocol (removing failures). 

Chi-square and independent-samples t-tests were performed when appropriate, as described in the 

text. We calculated standardised effect sizes with Cohen’s d. 

When patients were unable to complete an audiometry or vestibular test, a mean value was fitted for 

data. All primary and secondary measures were completed by the 60 patients over the 24month 

follow-up period. All statistics were performed with SPSS version 22.  

 

Results 

A total of 256 patients with MD15 (according to the AAO-HNS) were screened. Nineteen patients 

declined to participate and 177 did not fulfil inclusion criteria (see Figure 1B). We recruited all 60 

patients (25 females, mean age: 52·5 years (SD 10·5 years), mean disease duration: 4·5 years (SD 4·5 

years), 25 right-sided disease) with definite unilateral MD 15 between July 2009–April 2013 (see 

Table 1 for group characteristics).   

The intention-to-treat population comprised all 60 patients, 30 in the gentamicin arm (15 female, 12 

right-sided) and 30 in the steroid arm (10 female, 13 right side). Baseline characteristics (Table 1) 
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were not significantly different between the two drug arms. One patient was withdrawn at 12months 

owing to loss of contact. The withdrawn patient was allocated to the gentamicin arm and had a 

successful reduction of vertigo attacks at last contact. Data from this patient were used in the analysis.   

Two patients allocated to the steroid arm crossed-over to gentamicin during follow-up at 7 months 

and 18 months. Both patients were considered drug failures and were removed for the second analysis 

(per-protocol, see Appendix) which also showed no significant difference at baseline between patients 

in the two drug allocation arms. The statistical analyses for the intention-to-treat population are 

presented here.  

 

Primary Outcome 

Number of vertigo attacks in final six months:  No significant difference between drugs was found for 

number of vertigo attacks, comparing the final 6 months and baseline (drug; F[1,58]1·2; P=0·27, drug 

x time interaction; F[1,58]0·43; P=0·51).  Mean number of vertigo attacks fell from 19·9 (SD 16·7) to 

2·5 (SD 5·8) [87%] in the gentamicin arm and from 16·4 (SD 12·5) to 1·6 (SD 3·4) [90%] in the 

steroid arm (time; F[1,58]65·0; P<0·0001, Figure 2 & Table 2).   

The number of patients with no attacks of vertigo between 18-24 months after the initial injections in 

the steroid arm was 20 [67%] and 19 in the gentamicin arm [63%]. The number of patients suffering 

vertigo attacks between 18-24 months was 10 [33%] with steroid and 11 [37%] with gentamicin. No 

difference between drugs was found for the odds of suffering a vertigo attack in the final six months 

(odds ratio 1·2, 95% CI 0·4 to 3·3, Chi-square P=0·79).   

Secondary Outcomes 

Number of vertigo attacks in final one month 

There was no significant difference between drugs for the mean number of vertigo attacks in the final 

one month compared to baseline (Figure 3 & Table 2, drug; F[1,58]0·96; P=0·33, drug x time 
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interaction; F[1,58]0·53; P=0·47). Both drugs reduced the number of attacks (time; F[1,58]36.1; 

P<0·001);  gentamicin by 90% and steroids by 91%. 

 

Questionnaires: 

Vertigo Symptom Scale and Dizziness Handicap Inventory scores:  

There was no significant difference between drugs for Vertigo Symptom Scale (VSS) scores (Figure 

4A & Table 2, drug; F[1,58]3·37; P=0·07; drug x time interaction; F[5,54]0·55;P=0·74) or the 

Autonomic or Vertigo subscales (see Appendix). Total VSS scores fell significantly over time (time; 

F[5,54]21·9;  P<0·0001); by 67% for gentamicin and 76% for steroid at 24 months.  

There was no significant difference between drugs for Dizziness Handicap Inventory (DHI) scores 

(Figure 4B & Table 2, drug; F[1,58]3·46; P=0·07), drug x time interaction; F[5,54]0·042; P=0·99]. 

DHI scores significantly fell over time (time; F[5,54]33·9; P<0·001); by 59% for gentamicin and 68% 

for steroid at 24 months.  

Functional Level Scale: There was no significant difference between drugs for Functional Level Scale 

(FLS) mean scores (Figure 5 & Table 2, drug;[1,58]3·69;P=0·06, no drug x time interaction; F[5,54] 

0·l3; P=0·98). FLS scores fell over time (time; F[5,54]22·57; P<0·0001); by 44% for gentamicin and 

45% for steroid at 24 months.  

Tinnitus Handicap Inventory and Aural Fullness Scale: There was no significant difference between 

drugs for Tinnitus Handicap Inventory (THI) mean scores (Figure 6A & Table 2, drug; F[1,58]2·22; 

P=0·14, drug x time interaction; F[5,54]0·77; P=0·57]. THI scores reduced over time (time; 

F[5,54]14·5; P<0·0001); by 43% for gentamicin and 54% for steroid at 24 months.  

There was no significant difference between drugs for Aural Fullness Scale (AFS) mean scores 

(Figure 6B & Table 2, drug; F[1,58]3·31; P=0·07, drug x time interaction; F[5,54]0·89; P=0·50). 

AFS scores fell over time (time; F[5,54]7.66; P<0·0001); by 47% for both drugs at 24 months.  
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Audiometry: 

Pure-tone Audiometry: There was no significant difference between drugs for mean hearing level 

(Figure 7A & Table 2, drug F[1,58]0·03; P=0·96; drug x time interaction; F[6,54]1·55; P=0·18). 

Hearing levels did not significantly change from baseline over time (time; F[6,54]2·13; P=0·07); a 

mean 4% increase (better) for gentamicin and 14% for steroid at 24 months. 

Speech Discrimination: There was no significant difference between drugs for speech discrimination 

(Figure 7B & Table 2, drug [1,58]0·73; P=0·79; drug x time interaction; F[5,54]1·8; P=0·13) 

although there were significant fluctuations over the 24 months follow-up (time; F[5,54]2·72; 

P=0·03). There was a small decrease in speech discrimination with respect to baseline for gentamicin 

at 24 months (9%) and a small improvement for steroid (15%). 

Speech discrimination was the only variable that showed significant differences between the two drug 

arms when applying the AAO-HNS reporting criteria. More patients in the steroid arm experienced a 

clinically meaningful improvement in speech discrimination compared to gentamicin (8/30 versus 

3/30 patients respectively, odds ratio 0·31 (95% CI 0·1 to 1·3)) and fewer patients experienced a 

clinically meaningful worsening (3/30 versus 9/30 patients, odds ratio 3·9 (95% CI 0·9 to 16·0)). The 

number of patients with improvement versus worsening of speech discrimination per arm was 

compared statistically, showing a significant advantage for steroid over gentamicin (Chi Square, 

P=0·02; followed up with Fisher’s Exact Test, P=0·039). Results were the same when analysed per-

protocol (Chi Square P=0·01, see Table S4).    

Non-responders 

Further injections were necessary for 8/30 [27%] patients in the gentamicin arm and 15/30 [50%] in 

the steroid arm (odds ratio 0·36, 95% CI 0·1 to 1·1). The two crossover patients in the steroid arm 

deemed failures also needed further courses of gentamicin. Chi-square analysis showed no significant 

difference between the number of non-responders in the gentamicin arm compared to steroid 
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(P=0·06). The time before further injections were required in the gentamicin arm was 12·0 months 

(SD 3·6) and in the steroid arm 9·4 months (SD 4·3). Independent samples t-test showed no 

significant difference between drug arms (P=0·17, 95% CI -2·6 to 1·8).    

The total number of injections per patient was 2·7 (SD 1·7) in the gentamicin arm, 3·7 (SD 2·5) in the 

intention-to-treat steroid arm and 3·2 (SD 1·6) in the per-protocol steroid arm. Independent samples t-

tests showed no significant difference between drugs for the total number of injections required for 

intention-to-treat (P=0·09, 95% CI -0·1 to 2·1) or per-protocol (P=0·32, 95% CI -0·4 to 1·3).   

Safety 

There were no Suspected Unexpected Serious Adverse Reactions, Serious Adverse Reactions or 

Serious Adverse Events. There were six reports of adverse events, three in the gentamicin arm and 

three in the steroid arm. The most common adverse event was minor ear infections experienced by 

three patients, one in the gentamicin arm and two in the steroid arm. Two patients refused further 

injections after the first for pain, one in the gentamicin arm and one in the steroid arm. Tympanoplasty 

was not required for any patient, nor was there any evidence of persistent perforations in our patient 

group. This was verified by tympanometry before caloric testing at 1, 2, 12, and 24 months follow-up.   

At each injection we asked patients to score pain from 0-10 (0 no pain, 10 unbearable). Pain score for 

the first injection was 4·57 (SD 3·02) with gentamicin and 6·02 (SD 2·65) with steroid. Independent 

samples t-test showed a marginal significant difference between arms for pain from the first injection 

(P=0·053; 95% CI -2·9 to 0·0). For the second injection, pain score was 4·6 (SD 3·4) with gentamicin 

and 5·0 (SD 2·9) with steroid and independent samples t-test showed no significant difference 

between drugs for pain (P=0·61; 95% CI -2·1 to 1·2).  

A double-blinded hearing test was performed before the second injection to screen for hearing loss. A 

significant hearing loss was found in 14/60 patients; 9/30 [30%] followed gentamicin treatment and 

5/30 [17%] followed steroid treatment (odds ratio 2·1, 95% CI 0·6 to 7·4; Chi-square P=0·22).    
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Severe vertigo and vomiting three to seven days following injection developed in 8/30 [27%] patients 

after gentamicin and 1/30 [3%] after steroid treatment (odds ratio 10.5, 95% CI 1.2 to 90.7; Chi-

square P=0·01).  

 AAO-HNS outcomes 

AAO-HNS outcomes 15 are presented in Appendix (Tables S1-S4). There were no differences 

between the intention-to-treat analysis reported here and the AAO-HNS outcomes, except for speech 

discrimination as reported above.   

Vestibular tests 

As expected, vestibular tests showed ablation of vestibular function after gentamicin but not steroid 

injections (Figure S2). Accordingly, statistics showed that vestibular function was significantly 

different between gentamicin and steroid groups, as described in appendix for all tests (Caloric canal 

paresis, Vestibular evoked myogenic potentials (VEMPs) and Utricular Centrifugation).  

 

Discussion 

Unpredictable attacks of vertigo are the main cause of disability in MD1; accordingly the primary 

outcome in this study was reduction in the number of vertigo attacks.    

Although non-invasive treatments for MD show little or no benefit 21, 22, it is customary to delay semi-

invasive treatments such as intratympanic injections for months or years.  This is a reasonable 

approach for several reasons. Firstly, Ménière’s disease is notorious for spontaneous fluctuations and 

remissions23, 24.  Secondly, intratympanic gentamicin exerts its effects through its well-known ototoxic 

properties25. Accordingly, patients and doctors are cautious before starting such treatment because 

acute iatrogenic vertigo, a permanent reduction in vestibular function and hearing loss are possible 

after gentamicin injection3, 26. The latter has been described in 25% of cases in a Cochrane review 6 

but as negligible in other meta-analyses27, 28. Thirdly, there is an up to 50% progression of cases to 
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bilateral MD in the long term 29 and, therefore, inducing an audiovestibular deficit on one side with 

gentamicin is problematic if the other side may require similar treatment. For these reasons, 

intratympanic steroids have become a popular alternative as no permanent cochlea-vestibular damage 

is expected. However, neither a double-blind RCT drug comparison nor consensus documents are 

available. Unsurprisingly, many otologists are sceptical about their value 10, 30. 

Here we compared intratympanic gentamicin, the first-line validated treatment for refractory MD, 

with a similar regime of intratympanic methylprednisolone. A main strength of this trial is the long 

term follow up of patients (2 years) in an attempt to minimize the impact of the natural fluctuations in 

this condition, in line with current recommendations15. 

The main result is that there is no statistical difference between drugs in controlling vertigo (primary 

outcome). The overall reduction in vertigo attacks in the final 6 months of follow up compared to pre-

treatment was 90% for steroid injections and 87% for gentamicin, far higher than expected for 

spontaneous remission24.  Notably, all results in this trial held equally for the number of attacks over 

the final six months, both for intention-to-treat or per-protocol secondary analyses after treatment 

failures were excluded.  

For the secondary outcomes, all validated vestibular questionnaires employed here (VSS, DHI, FLS), 

also showed a clear and significant reduction in scores with both drugs. In addition to long duration 

vertigo attacks these questionnaires incorporate a number of additional factors, including short 

duration attacks (VSS_V) as well as function-based, psychological and autonomic components (FLS, 

VSS_A, DHI), which all add to the aggregate disability of these patients. Most of the reduction in 

symptoms occurred sharply at the first follow up two months after the injections and, from then on, 

levels remained fairly constant up to trial conclusion two years later.   

For pure-tone audiometry and speech discrimination, there was also no difference between the two 

drugs although a trend for better discrimination was suggested for steroids over gentamicin.  

However, according to AAO-HNS trial-reporting recommendations, more patients experienced a 

clinically meaningful improvement and fewer patients experienced a clinically meaningful drop in 
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speech discrimination after steroid compared to gentamicin (Chi-square P=0·02), a trend previously 

observed in an uncontrolled study9.       

Non-responders: 

Given the disabling nature of the vertigo attacks in MD we felt it would be unethical to deprive 

patients who did not respond to the initial programmed two injections from further treatment.  

Therefore, patients experiencing two or more vertigo episodes lasting >20 minutes (non-responders) 

received 1-10 new injections (mean number of total injections 2·7 gentamicin and 3·7 steroid) but we 

found no significant difference between drugs for mean number of injections per patient or number of 

non-responders over the two year follow-up period, both for intention-to-treat or per-protocol after 

removing patient failures. 

 Vestibular function: 

Tests of vestibular function were not a trial outcome measure because they generally correlate poorly 

with clinical disability and symptom load
31, 32

.  However, they were an essential part of the study as an 

objective way of monitoring vestibulo-toxic effects of the administered drugs and/or progression of 

the underlying disease.  In the case of gentamicin, vestibular tests documented that the injected drug 

reached the inner ear and acted in the expectedly ablative manner, as shown in Figure S2 for all 

measures of canal, utricular and saccular function. On the other hand, as expected, steroids preserved 

vestibular function.    

The action of gentamicin in the inner ear has been extensively investigated. Gentamicin has been 

shown to accumulate predominantly in Type 1 vestibular hair cells and cause subsequent atrophy of 

these cells as well as the whole of the neuro-epithelium25. The action of steroids on the inner ear 

remains speculative33. There are both gluco-corticoid and mineralo-corticoid receptors in the 

vestibular and cochlear systems. Steroids may have an effect on ion homeostasis functions as well as 

immune modulation34 via both types of receptor. They have also been shown to have an effect on 

aquaporins34, a family of small transmembrane water transporters, and they play a role in regulating 
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homeostasis in the inner ear fluids. Furthermore steroids have been shown to have an effect on 

absorption and osmotically coupled water flux14, 35. 

General conclusions: 

In this double-blind randomised RCT comparing intratympanic injections of either gentamicin or 

methylprednisolone (steroid) we found no significant differences between the two drugs in terms of 

controlling vertigo (primary outcome) for intention-to-treat (main body of text) and per-protocol 

(Appendix). Most studies comparing these drugs suffer from several limitations, including a 

retrospective approach, unbalanced/unjustified patient numbers, poor follow up adherence and, above 

all, lack of randomisation and blinding 5, 6.  Notwithstanding these drawbacks, some studies have 

reported good results using intratympanic steroids 8, 36 and a trend for better hearing outcome with 

steroids36, as we have.  The impression that gentamicin, in contrast to steroids, is a “definitive” 

treatment is not supported by our results - additional injections were required in 8/30 patents who 

received gentamicin and this could reflect variable rates of diffusion through the window or different 

susceptibility of the labyrinthine epithelium in different subjects 37, 38.  In summary, in unilateral MD, 

there is no statistical difference between injections of gentamicin or steroid for vertigo control.  

Steroid injections are a non-ablative, safe and effective treatment for refractory MD. Patients and 

clinicians now have a choice of two effective treatments but, on the basis of clinical wisdom and 

trends in our data, one may favour one or the other drug in specific circumstances. For instance, for a 

patient with no geographical access to repeat injections, nor afraid of a gentamicin-induced vertigo 

attack and not relying professionally on hearing (say a non-musician), gentamicin may be appropriate.  

For a patient with easy access to further injections, concerned about any further hearing loss and not 

wishing to experience a post -injection vertigo episode, intratympanic steroid seems more appropriate.  
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Table 1: Baseline characteristics between the gentamicin and methylprednisolone arms. 

(VEMP=Vestibular evoked myogenic potential, UCF=Utricular centrifugation, Inven. = Inventory, 

prepond. = preponderance).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristic  (Mean (+ SD)) 
Gentamicin 

(n=30) 

Methylprednisolone 

(n=30) 

Age (Years) 53·3 (10·8) 51·6 (10·2) 

Disease Duration (Years) 4·9 (5·6) 4·1 (3·2) 

Baseline no. attacks  6 months 19·9 (16·7) 16·4 (12·5) 

Baseline no. attacks 1 month 6·9 (7·3) 5·5 (6·5) 

Vertigo Symptom Scale (/60) 24·7  (12·6) 21·8  (10·5) 

Dizziness Handicap Inven. (/100) 59·3  (20·6) 51·0  (20·5) 

Functional Level Scale (/6) 4·0 (0·9) 3·5 (0·9) 

Tinnitus Handicap Inven. (/100) 45·7 (30·3) 39·4 (25·4) 

Aural Fullness Scale (/10) 6·6 (3·1) 5·3 (3·0) 

Pure-tone average (dB) 51·5 (11·3) 53·3 (21·2) 

Speech discrimination (%) 71·1 (21·7) 65·0 (29·3) 

Caloric asymmetry (%) 35·3 (20·1) 44·9 (25·1) 

Caloric directional prepond. (%) -7·7 (17·1) -6·9 (30·8) 

VEMP asymmetry (%) 31·1  (26·0) 29·9 (30·6) 

UCF weakness (%) 14·3 (84·6) 41·4 (60·4) 
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Table 2: Trial outcomes for primary and secondary measures. The table shows no significant difference 

between the two drugs for any measure.* P-value for Drug x Time interaction from General Linear 

Model analysis. 
+ 

Notes a worsening of speech discrimination in the gentamicin arm at 24 months 

compared to baseline. 

 

 

Outcome 

 

Baseline 

(Mean (+ SD)) 

 

24month outcome 

(Mean (+ SD)) 

Mean difference 

between drugs 

at 24 months 

(95% CIs) 

Effect 

size 

between 

drugs at 

24 

months    

(d) 

Percentage change 

from baseline (%) 

 

P-

value*  

 Gentamicin Steroid Gentamicin Steroid   Gentamicin Steroid  

Vertigo attacks 

over six months 

(n) 

19·9  

(16·7) 

16·4 

(12·5) 

2·5  

(5·8) 

1·6 

(3·4) 

-0·9  

(-3·4 to 1·6) 
0·19 87 90 0·51 

Vertigo attacks 

over one month 

(n) 

6·9  

(7·3) 

5·5  

(6·5) 

0·7  

(2·8) 

0·5 

(1·4) 

-0·2  

(-1·4 to 0·9) 
0·09 90 91 0·47 

Vertigo 

Symptom  

Scale ( /60) 

24·7  

(12·6) 

21·8  

(10·5) 

8·2  

(11·4) 

5·3 

(6·3) 

-2·9  

(-7·6 to 1·7) 
0·31 67 76 0·74 

Dizziness 

Handicap Scale  

( /100) 

59·3  

(20·6) 

51·0  

(20·5) 

24·5  

(26·7) 

16·3 

(16·7) 

-8·2  

(19·7 to 3·3) 
0·37 59 68 0·99 

Functional 

Level Scale  

( /6) 

4·0  

(0·9) 

3·5  

(0·9) 

2·2  

(1·3) 

1·9  

(0·9) 

-0·3  

(-0·9 to 0·2) 
0·27 44 45 0·98 

Tinnitus 

Handicap 

Inventory  

( /100) 

45·7  

(30·3) 

39·4 

(25·4) 

25·9  

(29·5) 

18·1 

(20·8) 

-7·8  

(-21·3 to 5·6) 
0·31 43 54 0·57 

Aural Fullness 

Scale ( /10) 
6·6  

(3·1) 

5·3 

(3·0) 

3·5  

(2·8) 

2·9 

(2·6) 

-0· 6 

(-2·0 to 0·8) 
0·22 47 47 0·50 

Pure-tone 

average (dB)  
51·5  

(11·3) 

53·3 

(21·2) 

49·4  

(18·1) 

46·9 

(24·0) 

-2·45 

 (-13·4 to 8·5) 
0·12 4 14 0·18 

Speech 

discrimination 

(%) 

71·1  

(21·7) 

65·0 

(29·3) 

65·0  

(30·1) 

76·3 

(29·4) 

11·3  

(-4·1 to 26·7) 
-0·38 9+ 15 0·13 
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Figure Legends 

Figure 1: A).Trial design and B). Trial profile. The second injection, be that 

Methylprednisolone, Gentamicin or Saline, was carried out two weeks after the first one. 

Follow-up appointments were scheduled 1, 2, 6, 12, 18 and 24 months after treatment. In the 

event of symptoms returning, patients were seen by an unblinded consultant neuro-otologist for 

assessment and further treatment if required. When retreatment was decided, the unblinded 

consultant had the choice whether to repeat the same drug as before or switch.   

 

Figure 2: Mean + SD number of attacks of vertigo 6 months before treatment and in the final 6 

months (18-24 months post-injection).   

 

Figure 3: Mean + SD number of vertigo attacks for gentamicin and steroid in the one month 

before treatment and at 24 months.  

 

Figure 4: Mean + SD for A. Vertigo Symptom Scale (VSS) and B. Dizziness Handicap Inventory 

(DHI)  

 

Figure 5: Mean + SD for the Functional Level Scale (FLS) scores at each time point. Group 

means show that FLS scores improved two months following injection and then plateaued. 

 

Figure 6: Mean + SD for A. Tinnitus Handicap Inventory (THI) and B. Aural Fullness Scale 

(AFS) 

 

Figure 7: Mean + SD for A. Mean low-frequency (average 0·5, 1, 2 and 3KHz) pure tone 

audiometry level and B. Mean speech discrimination threshold over the 24months follow-up. 
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Figures 

Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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 Figure 7 

 

 


