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ABSTRACT 

 

Hearing loss in Menière's disease has been described to affect above all low frequencies (upward 

curve) with a tendency to become irreversible and non-fluctuating at the higher frequencies (peaked 

curve) over time. The aim of the study was to determine the effects of MD on hearing function on 

the basis of differences existing between the affected and the unaffected ear in a group of patients 

affected by definite unilateral MD and whose contralateral ear was not affected by any disease other 

than age-related hearing loss (ARHL). Following this procedure we have also evaluated the possible 

effects of age and disease duration on hearing loss in MD. The study group consisted of 86 subjects 

affected by definite unilateral MD. In our sample a peaked audiometric curve characterized the 

affected ears; however, the result after subtracting the normal ear hearing threshold was an upward 

sloping curve, which highlighted the greater suffering at the lower frequencies. On the basis of 

differences existing between affected and unaffected ear, our data suggest that threshold evolution is 

more related to disease duration rather than to age. 

 

 

 

 

 

 

 



INTRODUCTION 

 

Meniere’s disease (MD) is a complex progressive disorder of the inner ear due to an 

endolymphatic hydrops (EH) and characterized by sensorineural hearing loss, episodic vertigo, 

tinnitus and aural fullness. The incidence is estimated to be 15 cases for every 100.000 individuals; 

females are more frequently affected than males [1] and the age distributions at onset peaked in the 

forties-fifties. In the majority of cases MD is idiopathic [2,3].  

In 1995 the Committee on Hearing and Equilibrium of the American Academy of 

Otolaryngology - Head and Neck Surgery published the guidelines for MD [4]; MD is defined as 

certain (definite MD plus histopathologic confirmation), definite (two or more definitive 

spontaneous episodes of vertigo lasting 20 minutes or longer, audiometrically documented hearing 

loss on at least one occasion; tinnitus or aural fullness at the affected ear), probable (one episode of 

vertigo, audiometrically documented hearing loss on at least one occasion; tinnitus or aural fullness 

at the affected ear) and possible (episodic vertigo of the Menière’s type without documented hearing 

loss or sensorineural hearing loss but without acute episodes of vertigo).  

In MD hearing loss has been described to affect above all the low frequencies (upward curve) 

but tends to become irreversible and nonfluctuating at the higher frequencies over time (peaked 

curve) [5,6]. However other patterns have been described such as downward sloping curve, flat 

curve and bell curve [6]. Hearing impairment occurs within the first years of the disease and after 5-

10 years hearing loss stabilizes at a mean level of 50-60 dB and rarely it causes a profound hearing 

loss [7].  

 The audiometric slope in MD is usually evaluated without taking in consideration the 

hearing threshold at the unaffected ear. It is our opinion that, at least in unilateral cases without 

other pathologies at the safe side, the comparison between the thresholds at the affected and 

unaffected side could be the only way to determine the true damage caused by the disease on 

hearing function; in fact by means of this approach it is possible to avoid the conditioning effects of 

the basal hearing threshold, in our hypothesis described by the hearing threshold at the unaffected 

side).  

On the basis of the above-mentioned hypothesis the aim of the study was to determine the 

effects of MD on hearing function on the basis of the differences existing between the affected and 

the unaffected ear in a group of patients with definite unilateral MD and whose contralateral ear was 

not affected by any disease other than age related hearing loss (ARHL). Following this procedure 

we have also evaluated the possible effects of age and disease duration on hearing loss in MD. 

    



MATERIAL AND METHODS 

 

The study group consisted of 86 subjects affected by definite unilateral MD according to the 

AAO-HNS 1995 guidelines [4] and analysed retrospectively. The second inclusion criterion was the 

absence of pathologies at the unaffected ear other than ARHL. Therefore the sample was limited to 

subjects whose pure-tone audiometry (PTA) threshold at the unaffected ear was better than 25 dB at 

each frequency tested or better than values expected at the 50
th

 percentile in relation to age, 

according to ISO 7029-2000; in both cases PTA threshold evaluation was extended at all the 

frequencies tested (0.25-8 kHz). In each case we have evaluated: age, duration of the disease and 

contralateral ear status.  

Age of the sample ranged from 16 to 85 years (mean age 56 years, Standard Deviation 16); 42 

(49%) were males and 44 (51%) females. Average MD duration was 59 months (ranging from 1 to 

250, SD 58). The right ear was involved in 41cases (48%) and the left ear in 45 (52%).  

Each patient was submitted to pure-tone audiometry (PTA) in a sound proof chamber at 

frequencies between 0.25 and 8 kHz. In order to reduce the influence of threshold fluctuation on our 

data we considered the best audiogram among at least three audiograms repeated in few weeks and 

carried out in a non critic phase of the disease (no vertigo and hearing worsening, tinnitus and ear 

fullness judged at the lower level by the patients). 

Encephalic MRI was carried out in all the patients of the study group. In no case we have 

found lesions at the CNS or at the ponto-cerebellar angle.    

The statistical analysis was carried out by means of SPSS statistical and PRISM packages. 

Significancy level was set at 0.05. Among the parameters considered in the study only disease 

duration did not showed a Gaussian distribution at the Kolomogorov-Smirnoff’s test. 

 

 

 



RESULTS 

 

Mean threshold values at 0.5-1-2-3 kHz, according to AAO-HNS guidelines [4], was 44 dB 

(SD 20) at the affected ear and 17 dB (SD 10) at the unaffected one. Mean PTA threshold and SD at 

each frequency tested and at both ear are reported in tab I; in the same table differential values of 

threshold between the two ears are also reported. Fig. 1 reports the mean audiogram at the affected 

and unaffected ear; in the figure the curve that represents the difference values between the two 

thresholds is also reported. Hearing threshold at the affected ear is characterized by a peaked curve 

but detracting threshold of the normal ear the resulting curve becomes an upward sloping curve, 

with a higher degree of ear suffering at the lower frequencies and a lesser damage at the higher 

frequencies.  

In order to determine the effects of ARHL on PTA curve in MD patients we have created two 

sub-groups of patients on the basis of the unaffected ear threshold. Subjects whose threshold at the 

unaffected ear was better than 25 dB at each frequency tested were considered normal while 

subjects whose threshold, at least at one frequency, was between 30 dB and the 50
th

 percentile in 

relation to age, according to ISO 7029-2000, were included in the ARHL group. In the ARHL group 

only sensorineural downward sloping curve were considered since other morphology of the 

audiogram were considered as consequent to other ear pathologies.  

Normal group was composed by 50 patients (58%) and ARHL group by 36 (42%). Mean age 

of the two groups was respectively 50 (SD 15) and 69 (SD 7) years; the difference is significant at 

the Student’s t test (p<0.0001). 

Subjects affected by ARHL showed a worse hearing threshold at each frequency tested at the 

affected ear (Tab. II); differences are significant at each frequency tested (p<0.05), except at 8 kHz 

(p>0.05), at the Student’s t test. Differential values obtained by subtracting thresholds at the affected 

and unaffected side in the two groups – mean PTA was 27 dB (SD 18) and 28 dB (SD 18) in normal 

and ARHL respectively – did not differ significantly at the Student’s t test (p>0.05). 

Mean disease duration was shorter, 42 months (SD 37), in patients whose contralateral ear 

was normal than in patients who presented ARHL at the unaffected ear, 83 months (SD 72), but the 

difference at the Mann-Whitney test did not differ significantly at each frequency tested (p>0.05), 

due to the large SD of data.  

The last aspect in which we were interested was the relationship existing between hearing loss 

and disease duration. We performed a correlation analysis between the two variables: in the affected 

ear longer disease significantly correlated with worse hearing threshold at each tested frequency (p 

< 0.05 at Pearson’s correlation test), while in the unaffected ear we found correlation only at high 



frequencies (6-8 kHz p < 0.01 at Pearson’s correlation test). We ruled out the effect of age by 

correlating it with hearing threshold in both ears: in the affected ear age correlated with worse 

hearing levels for frequencies 1 kHz and above (p < 0.05), while in the unaffected ear we found 

significant correlation for all the tested frequencies (p < 0.01). Figure 2 shows correlation between 

duration and mean hearing loss in both affected and unaffected ears. Based on the median value of 

disease duration – 36 months – we created two subgroups, respectively composed by 44 patients 

with disease duration shorter than 36 months and 42 patients whose disease duration was longer. We 

then subtracted thresholds at the affected and unaffected side in the two groups and found 

significant differences at the Student’s t test (p<0.05) for each frequency tested except 1 and 6 kHz 

(p>0.05). This pattern is reported in figure 3. 

In the two groups with shorter and longer disease duration mean age was respectively 56 

years (SD 14) and 56 years (SD 15). The difference was not significant at the Student’s t test and 

there was not any correlation between age and disease duration at the Spearman’s correlation test 

(p<0.05). 

 

 

 



DISCUSSION 

 

Hearing loss in MD in the majority of cases occurs within the first years of disease and 

usually is followed by a relative stabilization at a mean value of 50-60 dB, with a parallelism with 

the course of vestibular damage [7, 8]. In literature there is no consensus regarding the morphology 

of the audiogram in MD and, among the different kind of curves the flat type is the most frequently 

reported, above all in cases that present longer disease; the rate of appearance of this kind of 

audiogram has been described to increase from 21 to 75% after 15 years of disease [5]. 

In a recent paper it has been suggested that hearing loss in MD could be age dependent rather 

than duration dependent and when age correction has been carried out the audiograms show an 

upward sloping [6]. 

It was the aim of our study to determine the effect of EH on hearing function on the basis of 

the differences existing between the affected and the unaffected ear in a sample of unilateral MD. In 

general the principal problem in hearing assessment in MD is threshold fluctuation. However 

recently McNeill et al. [3] showed that transient threshold modifications are lesser even during the 

acute phase of EH. However we have preferred to evaluate subjects outside the crisis and in 

multiple sessions, taking for the study the best audiogram. 

As above mentioned in this study we have hypothesized that the true effect of MD on hearing 

function in unilateral cases could be evaluated on the basis of threshold difference existing between 

the two ears, unless in cases in which the other ear is affected by another pathology. According to 

this hypothesis hearing threshold at the affected ear could be considered as the sum of basal 

threshold, described by the unaffected ear (only if other causes of hearing loss could be excluded 

with a sufficiently high degree of certainty) plus the effect of EH. Therefore in this study we have 

considered only subjects whose unaffected ear presented a normal audiogram or a hearing loss 

reconcilable with ARHL.  

The main limitation of the study was the lack of tests other than pure-tone audiometry used to 

define unaffected the contralateral ear. It is known that multifrequency admittancemetry (9) and 

electrococleography (10) can detect early signs of MD in otherwise normal ears, however it is still 

not clear their specificity and sensibility and there is controversy about their everyday diagnostic 

role. 

The mean audiogram in our sample is classifiable as peaked curve, with a higher hearing loss 

at lower and higher frequencies [7]. However, detracting the unaffected threshold values the shape 

of the audiogram becomes an upward curve [6], with a suffering extended to all frequencies but 



above all at the lower. According to our hypothesis this pattern could be considered the expression 

of EH on cochlear function.  

This approach could also help us to understand how age and disease duration could interact 

with MD in determining hearing loss.  

The ARHL group was composed by patients whose hearing loss at the unaffected ear, at each 

frequency tested, was within the 50
th

 centile of ARHL according to ISO; this is a restrictive criteria, 

since even subjects with a higher degree of hearing loss could be classified as presbycusis, but 

lowering the inclusion value we have reduced the risk of including patients affected by other 

diseases. Data reported in tab II show that hearing loss is greater in older subjects in both affected 

and unaffected ear. Interestingly data in tab. II show that the differences in threshold between the 

affected and unaffected ear were not significant in the two groups (normal and presbycusis). In this 

study the difference in disease duration between normal and presbycusis subjects did not differ 

significantly, therefore we can assume that this parameter did not influence our analysis. Our result 

suggests that age does not interfere with hearing loss due to EH and the higher threshold values 

observed at the affected ear in older subjects could be simply consequent to the effects of the 

summation of EH and ARHL effects. 

Previous reports [5,6,7,8] have shown that disease duration influences the degree of hearing 

loss, even if the larger amount of damage manifests at the beginning of the disease. In this study we 

have evaluated the effects of disease duration on hearing loss with the same methodology proposed 

for the evaluation of presbycusis, that is the analysis of threshold differences existing between the 

affected and unaffected ear (Fig. 3). In our sample the effect of age was not relevant since there was 

no correlation between age and disease duration. Our data show that hearing loss at the affected ear 

is greater in subjects with longer disease duration (Fig. 2). But, differently from our previous 

observation about the effects of presbycusis, the differential threshold is worse in the group with 

longer disease duration. The correlation analysis (Fig. 2 and Tab. III) shows that in our sample 

disease duration – rather than age – caused the worsening of the hearing threshold at the lower 

frequencies (< 1 kHz) in the affected ears. This suggests that disease duration is more relevant than 

age in influencing the further evolution of hearing loss after EH appearance.     

In conclusion PTA threshold in MD is characterized by a suffering of all the frequencies with 

a more relevant deficit at the lower (slope-up or upward curve). Hearing loss manifests initially, 

after the appearance of the disease, but the further evolution is related to the duration of the disease 

itself while age does not influence the course of hearing loss. 
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Fig. 1 Mean audiogram in the 86 patients admitted to the study. The three curves represent 

respectively the average threshold at the diseased ear, at the contralateral ear and the difference 

between the two thresholds. 
 
Fig. 2 Correlation between disease duration and mean hearing threshold in affected and unaffected 

ears. Vertical dotted line points the median value for disease duration (36 months).  
 
Fig. 3 Audiometric thresholds obtained on the basis of differential values between the two ears 

(affected and unaffected) in the 44 patients whose disease lasted less than 36 months e in the 42 in 

which the disease was longer than 36 months. Subjects who presented longer disease duration 

presented higher degree of hearing loss with lesser differences at 1 and 6 kHz. 

 

 

 



 


