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A clinical diagnosis of Ménière's disease (MD) is made based on medical history and audiometry findings. The 1995 American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) guidelines requires histopathological confirmation of endolymphatic hydrops (EH) for a diagnosis of “certain” MD. Symptoms such as dizziness and ear fullness are important diagnostic features; however, the descriptions provided by patients are frequently vague and non-specific. A recently developed magnetic resonance imaging (MRI) protocol to document EH is, therefore, useful for the evaluation of inner ear status in patients with MD. In this study, patients with MD were assessed using MRI and the HYDROPS (HYbriD of Reversed image Of Positive endolymph signal and native image of positive perilymph Signal) protocol to investigate the effectiveness of MRI for visualization of the endolymphatic space in the diagnosis of MD by correlating clinical laboratory parameters with the grade of EH. Of the 123 patients with MD recruited in this study, 80 had definite MD, 11 had probable MD, and 32 had possible MD based on the 1995 AAO-HNS guidelines. The EH grade based on HYDROPS MRI was determined independently by two otorhinolaryngologists and compared with several clinical parameters, including the diagnostic scale of MD (1995 AAO-HNS guidelines), pure tone average (PTA), low tone average (LTA), canal paresis (CP) on the caloric test, and disease duration. Cochlear hydrops and vestibular hydrops were detected in 58 and 80% of 80 definite MD ears, in 33 and 58% of 12 probable MD ears, and in 5 and 27% of 37 possible MD ears, respectively. The proportion of higher hydrops grades increased significantly with grade according to the MD diagnostic scale (p < 0.0001). Both PTA and LTA were significantly higher in patients with hydrops grade 2 than hydrops grade 0 in both the cochlea and the vestibule. CP was significantly higher in patients with grade 2 than grade 0 vestibular hydrops. Disease duration was not associated with hydrops grade. Radiological evaluation of MD using the HYDROPS protocol is useful for evaluation of the extent and severity of EH in the diagnosis of MD based on its pathophysiological mechanism.
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Introduction

Ménière's disease (MD) is a multifactorial disorder characterized by recurrent vertigo, fluctuating hearing change, ear fullness, and tinnitus. According to the 1995 Hearing and Equilibrium guidelines of the American Academy of Otorhinolaryngology-Head and Neck Surgery Committee (AAO-HNS), histopathological confirmation of endolymphatic hydrops (EH) is required for a diagnosis of “certain” MD. However, diagnosis of “certain” MD is practically impossible in living patients (1).

Some patients with cochleovestibular symptoms but who do not satisfy the criteria of the MD diagnostic guidelines may have EH, which is universally recognized as a component of MD pathogenesis (2–5). In contrast, not all patients with clinically diagnosed MD have endolymphatic hydrops (6–9). Furthermore, EH may be asymptomatic; when suspected, it must be distinguished from other otological disorders, such as inner ear trauma (1), viral infection, autoimmune processes (10), and cellular channelopathies (11).

A number of techniques have been developed to visualize EH using magnetic resonance imaging (MRI). In 2007, MRI visualization of the inner ear was facilitated by the intravenous (IV) injection of gadolinium-based contrast material (Gd) (12), rather than intratympanic (IT) injection (13). In MRI of the inner ear, despite the 4-h delay after injection, IV-Gd is faster and much less invasive than IT-Gd (14, 15). However, unlike MRI using IT-Gd, IV-Gd does not permit 3D inversion recovery sequences with a “real” reconstruction protocol (3D-real IR protocol) (16); the lower concentration of Gd in such sequences enables separate visualization of endolymph, perilymph, and bone in a single image. The recently developed “HYDROPS” (HYbriD of the reversed image of positive endolymph signal and native image of positive perilymph signal) imaging protocol addresses this limitation by enabling recognition of the endolymphatic space (17).

Further advances have yielded HYDROPS2, HYDROPS-Mi2, and HYDROPS2-Mi2, which use MR cisternography for better contrast in the production of positive perilymph images (PPIs) and positive endolymph images (PEIs) (18). Combined with the ratio of the endolymphatic space to the entire lymphatic space (%EL), the vestibular hydrops ratio (%VH), or the relative vestibular hydrops ratio (%RVH), these perilymph and endolymph images have been used in attempts to identify inner ear MRI findings associated with the clinical parameters of MD (19, 20). However, most studies have been performed only on small population of patients with definite MD who already have severe symptoms. In addition, it can be inferred that these patients have higher rates of severe EH. Therefore, the correlation between the clinical characteristics of MD and EH from MRI findings should be examined depending on the diagnostic scale of MD (possible, probable, and definite) and even unaffected subjects, determining the wider correlations between the severity of EH and clinical characteristics of patients with MD.

In this study, patients with clinically diagnosed MD defined according to the diagnostic scale of the 1995 AAO-HNS guidelines were examined by HYDROPS MRI. The correlations of EH grades based on HYDROPS MRI (21) with clinical and laboratory parameters were examined.



Materials and methods


Study setting and patients

HYDROPS MRI was performed in 166 patients with recurrent vertigo and hearing problems between 1 January 2020 and 31 August 2021. Detailed history taking, neurotological evaluation, and audiovestibular laboratory tests were performed. Forty-three patients were excluded due to tumors in the cerebellopontine angle, internal auditory canal, or inner ear; superior canal dehiscence syndrome; or recurrent dizziness that did not meet the diagnostic criteria of MD (1995 AAO-HNS guidelines). Finally, 123 patients (49 men, 74 women, mean age of 58.9 years) were included in this study. Based on the 1995 AAO-HNS guidelines, 32 patients had possible MD, 11 had probable MD, and 80 had definite MD. The left side was involved in 68 patients, while the right side was involved in 49 patients. Of the remaining six patients with bilateral MD, five had possible MD and one had probable MD. Among the 117 patients with unilateral MD, the contralateral side was clinically unaffected. Therefore, based on the MD classification, there were 117 unaffected ears and 129 affected (37 possible, 12 probable, and 80 definites) ears (Table 1). This study was approved by the review board of the Clinical Research Institute at Seoul National Bundang Hospital and was conducted in accordance with the Declaration of Helsinki (IRB-B-2111-720-106).


TABLE 1 Demographic characteristics of 123 patients diagnosed with Ménière's disease.
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Inner ear MRI

MRI was performed using a 3.0 Tesla machine (Ingenia CX; Philips, Amsterdam, The Netherlands). MR scanning was performed 4 h after IV injection of Gadobutrol (Gadovist; Bayer, Leverkusen, Germany) (0.1 mmol/kg body weight).

Heavily T2-weighted MR cisternography (MRC) was performed for the anatomical reference of the total lymph fluid. Heavily T2-weighted-3D-FLAIR (hT2W-3D-FLAIR) scan with a repetition time (TR) of 16,000 ms was performed, with an inversion time of 2,900 ms at 4 h after IV injection of Gadobutrol in accordance with a previous report (22) and to distinguish PPI from other images. The hT2W-3D-FLAIR scan was performed with the same TR and inversion time of 2,000 ms at 4 h after IV injection of Gadobutrol to distinguish PEI. The perilymph signal is increased in images with an inversion time of 2,900 ms and suppressed in images with an inversion time of 2,000 ms. The endolymph signal is increased in images with an inversion time of 2,000 ms. The HYDROPS image was obtained by subtracting PEI from PPI at the scanner console. Negative signal values were allowed for the subtraction.

Detailed parameters for PPI and PEI were as follows: FLAIR–volume isotropic turbo spin-echo acquisition sequence; repetition time, 16,000 ms; echo time, 544 ms; echo train length, 173; matrix size, 332 × 328 mm; slice thickness, 1.6 mm; field of view, 200 × 200 mm; sensitivity encoding acceleration factor, two; number of excitations, two; scan time, 3 min 45 s.



Image analysis

Two otorhinolaryngologists blinded to the patient's clinical information, including disease site and history, independently rated the hydrops grade of the cochlea and vestibule using the grading system proposed by Nakashima et al. (21).

Briefly, in the cochlea, displacement of Reissner's membrane was defined as EH. Patients in whom the area of the cochlear duct exceeded the area of the scala vestibuli were diagnosed with significant hydrops. If the grade of EH differed between the basal and upper turns, a higher grade of EH was reported. In the vestibule, EH was defined as a ratio of the area of the endolymphatic space to that of the vestibular fluid space exceeding 1/3. Patients in whom the endolymphatic space was >50% of the fluid area in the vestibule were diagnosed with significant hydrops. Grade 0 was defined as no EH, grade 1 as mild EH, and grade 2 as significant EH (21) (Figure 1).


[image: Figure 1]
FIGURE 1
 Hydrops grading based on HYDROPS MRI of the left ear. (A) Grade 0 cochlear hydrops with grade 0 vestibular hydrops. (B) Grade 1 cochlear hydrops with grade 1 vestibular hydrops. (C) Grade 2 cochlear hydrops with grade 2 vestibular hydrops.


Interrater reliability analysis was performed between the two otorhinolaryngologists before reaching a consensus on the hydrops grading results. Cohen's kappa value was 0.870, indicating good agreement between the two otorhinolaryngologists. Grade rating was different in 6 ears (cochlea) and 25 ears (vestibule) by 1 grade. The final grade was determined after repeating the rating of these images by a third radiologist.



Clinical parameters

The diagnostic scale of the 1995 AAO-HNS guidelines was used for the analysis of clinical parameters in the diagnosis of MD. Pure tone audiometry and bithermal caloric tests were performed; if the tests were not performed on the day of HYDROPS MRI or their results were unavailable, the results of tests performed closest to the date of HYDROPS MRI were used for the analysis. The disease duration (in months) was calculated from the onset of the first episode of vertigo to the date of HYDROPS MRI confirmation.

All 123 patients underwent a hearing test using pure tone audiometry. Threshold results were obtained at frequencies of 0.25, 0.5, 1, 2, 3, 4, and 8 kHz in a soundproof audio booth. The pure tone average (PTA) was calculated based on the average of audiometry thresholds at 0.5, 1, 2, and 3 kHz according to the 2008 American Medical Association method for the estimation of hearing disability. The low tone average (LTA) was also calculated based on the average of the audiometry thresholds at 0.25, 0.5, and 1 kHz.

Bithermal caloric test results were available for 107 patients. The test was performed using a water caloric stimulator (NCI480; ICS Medical, Schaumburg, IL, USA) with the patient in the supine position and the head elevated at 30°. Caloric irrigation was delivered in the order of right cool (30°C), left cool (30°C), right warm (44°C), and left warm (44°C) for 30 s each, at a flow rate of 300 ml/min. The maximum slow-phase velocity of nystagmus was calculated after irrigation at each temperature; CP was determined using Jongkees' formula (23).



Statistical analysis

The associations of hydrops grade with PTA, LTA, CP, and disease duration were analyzed by one-way ANOVA with Scheffé's post-hoc multiple comparison tests and by Welch's ANOVA with the Games-Howell's post-hoc multiple comparison test. The association between hydrops grade and MD classification was analyzed using the Fisher's exact test with post-hoc analysis consisting of pairwise Fisher's exact tests. The data were analyzed using R Studio version 1.4.1717 (R Studio Team, 2021) and R version 3.5.2 (R Core Team, 2018). In all analyses, p < 0.05 was taken to indicate statistical significance.




Results


Comparison of hydrops grade based on the diagnostic scale of MD

Of the total of 246 ears, 42 (17.1%) and 14 (5.7%) ears showed grade 1 and grade 2 cochlear hydrops, respectively, and 55 (22.4%) and 41 (16.7%) ears showed grade 1 and grade 2 vestibular hydrops, respectively. There were no hydropic changes (grade 0) in 190 ears (77.2%) for the cochlea and in 150 ears (60.9%) for the vestibule. Seven ears (2.8%) had only cochlear hydrops, and 47 (19.1%) ears had only vestibular hydrops. Both cochlear and vestibular hydrops were observed in 49 ears (19.9%).

The associations between the diagnostic scale of MD (unaffected, possible, probable, and definite) and the hydrops grade in the cochlea and vestibule were examined in 246 ears of 123 patients (Supplementary Table 1; Figure 2). Among the cases of definite MD, 46 of 80 ears (57.5%) showed grade 1 or 2 cochlear hydrops, and 64 ears (80%) showed grade 1 or 2 vestibular hydrops. Among the cases of probable MD, 4 of 12 ears (33%) showed grade 1 cochlear hydrops, and seven ears (58.3%) showed grade 1 or 2 vestibular hydrops. Among the cases of possible MD, two of 37 ears (5.4%) showed grade 1 or 2 cochlear hydrops, and 10 ears (27%) showed grade 1 or 2 vestibular hydrops. Among the 117 unaffected ears, 4 (3.4%) showed grade 1 cochlear hydrops and 15 (12.8%) showed grade 1 or 2 vestibular hydrops. Statistical analyses using Fisher's exact test showed that hydrops grade proportions were significantly different according to the diagnostic scale of MD both in the cochlea (p < 0.0001) and in the vestibule (p < 0.0001) (Supplementary Tables 2, 3). The proportions of hydrops grades 1 and 2 increased, while the proportion of hydrops grade 0 decreased as the diagnostic scale of MD increased in the order unaffected, possible, probable, and definite (Figure 2). The results of post-hoc analysis suggested that, for cochlear hydrops grade, the definite and probable MD groups differed significantly from the unaffected and possible MD groups (Supplementary Table 2). For the vestibular hydrops grade, the unaffected group differed significantly from all affected groups, and the possible group differed significantly from the definite group (Supplementary Table 3).
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FIGURE 2
 Comparison of hydrops grade according to the diagnosis of Ménière's disease (MD). The proportions of hydrops grades 0, 1, and 2 in unaffected ears and in ears with possible, probable, or definite MD were evaluated separately in the cochlea (A) and vestibule (B). Fisher's exact test with pairwise Fisher's exact tests as post-hoc analysis. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.




Comparison of hearing thresholds according to hydrops grade detected by MRI

Audiometry data for all 246 ears were analyzed (Supplementary Tables 4, 5; Figure 3) by one-way ANOVA followed by Scheffé's post-hoc multiple comparison tests; they were also analyzed using Welch's ANOVA followed by Games-Howell's post-hoc multiple comparison test. PTA and LTA increased significantly in patients with higher vestibular hydrops grades (Figures 3B,D). Both PTA and LTA were significantly lower in patients with grade 0 than grades 1 and 2 cochlear hydrops (i.e., the values were lower in ears without cochlear EH than in ears with cochlear EH) (Figures 3A,C).


[image: Figure 3]
FIGURE 3
 Analysis of pure tone average (PTA) and low tone average (LTA) according to cochlear and vestibular hydrops grades (0–2) in 246 ears of 123 patients. (A) and (C) One-way ANOVA with Scheffé's post-hoc multiple comparison test. (B) and (D) Welch's ANOVA with Games-Howell's post-hoc multiple comparison test. *p < 0.05; **p < 0.01; ****p < 0.0001.




Comparison of hearing thresholds according to the hydrops grade on MRI in ears with definite MD

Data from 80 ears with definite MD were analyzed (Supplementary Tables 6, 7; Figure 4) by one-way ANOVA with the Scheffé's post-hoc multiple comparison test. Analysis of both PTA and LTA values indicated that hearing thresholds were significantly higher in patients with hydrops grade 2 than hydrops grade 0 in both the cochlea and the vestibule.
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FIGURE 4
 Analysis of PTA (A,B) and LTA (C,D) according to hydrops grade in the cochlea (A,C) and vestibule (B, D) in 80 ears with definite MD by one-way ANOVA with Scheffé's post-hoc multiple comparison test. *p < 0.05; **p < 0.01.




Comparison of CP according to hydrops grade in MD ears

The association between CP and hydrops grade was analyzed after excluding six patients with bilateral MD and 10 patients who refused the caloric test. Accordingly, caloric test results were available for 107 ears. The association between CP and hydrops grade (0–2) in MD ears was analyzed by one-way ANOVA followed by the Scheffé's post-hoc multiple comparison test. The results are shown in Supplementary Table 8 and Figure 5. CP was significantly smaller in ears with grade 0 cochlear hydrops than in those with grade 1 cochlear hydrops (Supplementary Table 8; Figure 5A) and was significantly greater in ears with grade 2 vestibular hydrops than in those with grade 0 vestibular hydrops (Supplementary Table 8; Figure 5B).
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FIGURE 5
 Associations of cochlear (A) and vestibular (B) hydrops grades 0, 1, and 2 with CP in 107 patients with unilateral MD determined by one-way ANOVA with Scheffé's post-hoc multiple comparison test. *p < 0.05; **p < 0.01.




Disease duration and hydrops grade

The association between disease duration and hydrops grade was analyzed in the ears of all 123 patients with MD (Supplementary Table 9; Supplementary Figures 1A,B). The results of one-way ANOVA followed by the Scheffé's post-hoc multiple comparison test showed no significant association between disease duration and hydrops grade.




Discussion

In this study, the hydrops grade of the cochlea and the vestibule was examined in 246 ears of 123 patients. Cochlear hydrops and vestibular hydrops were detected in 58 and 80% of 80 definite MD ears, respectively, in 33 and 58% of 12 probable MD ears, and in 5 and 27% of 37 possible MD ears, respectively. The proportion of a higher hydrops grade increased significantly with increasing grade of MD classification (unaffected, possible, probable, and definite). The higher proportion of positive hydrops in definite MD suggested that EH is the pathophysiological mechanism of MD.

However, 3% of the cochleae and 13% of the vestibules of 117 unaffected ears also showed hydrops in this study. This is not surprising because varied rates of EH in unaffected ears have been reported in the literature. In a study conducted on a population of 29 patients with definite unilateral MD, 48 and 55% showed EH in the cochlea and the vestibule, respectively, in unaffected ears (24). In contrast, Wu et al. reported that 16.7% of 54 patients with unilateral definite MD revealed EH in the cochlea and/or vestibule (25). The possibility of subclinical involvement of the contralateral ear in patients with MD was not only documented in imaging studies using HYDROPS MRI but also demonstrated in an electrophysiological study. In a study to test the vestibular-evoked myogenic potential (VEMP) in unilateral patients with MD, unaffected MD ears also showed a similar pattern to affected MD ears, such as elevated thresholds and frequency tuning around 1 kHz, unlike normal controls (26). These observations constitute evidence of subclinical involvement in the contralateral ear in unilateral MD. However, the incidence of EH in unaffected ears in our study was relatively low. This can be explained by the likely inclusion of patients with possible and probable MD in our study. As unaffected ears in MD may also have the potential to develop MD, it would be interesting to determine whether radiological EH without clinical symptoms (silent EH) precedes and eventually progresses to clinical EH.

Patients with clinically suspected MD, such as those with probable and possible MD, showed much lower incidences of EH. In probable MD, 33% showed cochlear hydrops and 58% showed vestibular hydrops. In possible MD, 5 and 27% of cases showed cochlear and vestibular hydrops, respectively. By adopting the 1995 AAO-HNS-defined definite, probable, and possible MD diagnostic scale (1) instead of the criteria of the 2015 Barany Society guidelines (27), we could learn the proportion of the patients having EH depending on the different diagnostic scales of MD since MD shows a wide spectrum of clinical presentations. True attacks of MD can have different visual analog scale (VAS) ranges and various hearing changes. There are also adjuvant spells of dizziness with different severities between true attacks of MD. In the 1995 AAO-HNS diagnostic scale (1), definite MD and certain MD are distinguished, which is now possible by the development of MRI protocol to visualize the endolymphatic space. It was interesting that 57 and 80% of definite MD ears showed hydrops in the cochlea or the vestibule, respectively, and those ears can be diagnosed as “certain” MD.

Using the 1995 AAO-HNS diagnostic scale (1), we can diagnose patients with the first attack of MD with low-frequency hearing loss, as probable MD, and patients with mild or moderate sensorineural hearing loss with flat audiometry results, as definite, probable, or possible MD depending on the pattern of the vertigo attacks. In this way, we could learn the proportion and the severity of hydrops in patients with the first attack of MD and patients with possible MD. In the 2015 Barany Society guidelines (27), these patients are not considered as MD even though they have recurrent inner ear symptoms and EH on MRI. Therefore, the 1995 AAO-HNS diagnostic scale (1) was more appropriate in our study to understand the underlying pathophysiology of this disease with a wide spectrum of clinical presentations. However, there may be some controversy regarding this point, so our choice of the 1995 AAO-HNS diagnostic scale (1) instead of the criteria of the 2015 Barany Society guidelines (27) as the main guidelines may represent a limitation of this study. The size of the study population consisting of 123 (246 ears) in our study was much larger than the sample sizes in previous studies of the associations between clinical parameters of MD and EH visualized by MRI (19, 20, 28–33).

In addition to a history of episodic vertigo with documented sensorineural hearing loss, inner ear MRI may substitute for histopathological evaluation by demonstrating EH to meet the “certain” classification of MD as defined by the AAO-HNS diagnostic scale. In our study, the endolymphatic space (as visualized on MRI using the HYDROPS protocol) was significantly expanded in patients with MD; EH grade on HYDROPS MRI exhibited associations with disease classification and clinical laboratory parameters. These results demonstrated the clinical importance of EH visualization in patients with MD using the HYDROPS MRI protocol.

Previous histopathological studies in postmortem samples of the temporal bones showed that, in the early stage of MD, hydrops predominantly involves the cochlear duct and saccule, while the utricle, ampulla, and overall endolymphatic system are affected in later stages (34–36). This sequence may reflect the mechanical compliance of the labyrinth membrane, which is higher in the saccule than the utricle (36, 37). In addition, the thick amorphous material in the ampulla and semicircular canal endows the labyrinth membrane with greater mechanical resistance (36). A relationship has been identified between the histological degree of cochlear involvement and the extent of hearing loss, which is more consistent than the relationship between caloric test responses and histologically confirmed dilation of the vestibular structure (9, 38). Accordingly, the degree of hydrops is greater and involves a wider area in patients with severe MD, consistent with the analysis of the proportions of hydrops with respect to the MD classification.

Several recent studies analyzed MRI findings of EH and clinical data (19, 20, 28–31). Two Korean studies calculated the mean hydrops ratios in study populations of 29 and 16 patients with unilateral definite MD (19, 20). The mean hydrops ratios were 0.372 and 0.667 for the cochlea and the vestibule in one study (19) and 0.725 for the vestibule in the other study (20). Both studies analyzed correlations between the severity of EH and laboratory parameters, including audiometry, caloric test, cervical VEMP, and electrocochleography (ECoG), and showed that audiometry and caloric test results were correlated with the hydrops ratio, while VEMP and ECoG were not (19, 20). Other studies have also examined the correlation of EH with cervical VEMP in patients with unilateral definite MD (28, 29). In these studies, EH on MRI was present in 10 of 14 ears (29) and 12 of 20 ears (28), and hydrops grade (28) was correlated with the amplitude of cervical VEMP. In another study, in a population of 78 patients with unilateral definite MD, there were 57 cases of cochlear EH and 60 of vestibular EH, and these were related to the results of audiometry and caloric tests (30). In a study in which MRI was performed before the endolymphatic duct blockage procedure for unilateral definite MD, all affected ears had cochlear and vestibular EH (31).

MRI assessment of EH severity is usually based on the hydrops ratio or grade. Assessment based on the hydrops ratio uses the vestibular endolymphatic ratio, the cochlear endolymphatic ratio (32), and the cochlear hydrops ratio, along with the vestibular hydrops ratio (19, 20, 31) and the ratio of the area of the endolymphatic space to that of the entire lymphatic space (19). These ratios are obtained by drawing the region of interest for a specific slice of the MRI data and then calculating the number of pixels. Although an automated method for measurement of the hydrops ratio from the MRI findings was recently reported and showed considerable agreement with the existing calculation method, this automated measurement is not easy to set up for general clinical practice (39). Instead, the classification described by Nakashima et al. (21) can be easily adapted to determine the EH grade in daily clinical practice (29, 31–33). The grading systems proposed by Barath et al. (15), Kahn et al. (40), and Bernaerts et al. (41) have also been adopted for the analysis of EH in MD (28, 30); in some instances, these systems cannot be combined with MRI using the HYDROPS protocol. Therefore, the simplified grading system proposed by Nakashima et al. (21) was used in this study. Further advantages of this method include its ease of use for clinicians, as well as the absence of a requirement for another program or additional work for calculations. However, this grading system is subjective because it does not objectively determine the hydrops ratio.

Analysis of 80 ears with definite MD showed that both PTA and LTA were significantly higher in patients with hydrops grade 2 than grade 0 in both the cochlea and the vestibule. CP was significantly higher in patients with grade 2 vestibular hydrops than in those with grade 0 vestibular hydrops. Disease duration was not significantly associated with hydrops grade. These results were comparable with those of many previous studies. Audiometry results are closely associated with EH severity, assessed by grade or ratio (19, 29–32). The PTA results were significantly associated with the presence (19, 29) and severity (31, 32) of EH on MRI, as were the LTA results (19, 30, 32). In this study, we also examined the associations of vestibular hydrops grades 0, 1, and 2 with the PTA and LTA results in ears unaffected by MD, as well as their associations with possible, probable, and definite MD. Our results showed that in patients with MD, regardless of the classification, the presence of hydrops was significantly associated with the PTA and LTA results in both the cochlea and the vestibule. PTA and LTA findings seem to predict EH more accurately in definite MD.

There have been varied results regarding the correlation between radiological EH and the results of the caloric test, with some studies failing to show a relationship between radiological EH and CP (30, 32), while others have reported significant correlations (19, 20). The CP results were significantly correlated with the degree of EH in this study. We postulated that the correlation between cochlear hydrops and CP may be due to the confounding effect of cochlear hydrops and vestibular hydrops. The Cramer's V between cochlear hydrops grade and vestibular hydrops grade was 0.435 in 107 ears included in the analysis of CP. Therefore, the correlation between cochlear hydrops and CP may be affected by the correlation between vestibular hydrops and CP.

The disease duration and the severity of EH were not correlated with each other in this study. As the disease duration is defined as the period from the first occurrence of MD symptoms to the time of MRI, the severity of cochleovestibular dysfunction seems to be more closely related to the severity of EH than disease duration.



Conclusion

In our study, the EH grade, as visualized on HYDROPS MRI, was significantly associated with the diagnostic scale of MD according to the 1995 AAO-HNS guideline (1) and was also associated with the PTA, LTA, and CP results. However, the EH grade was not associated with disease duration. These results were obtained in the analysis of unaffected, possible, probable, and definite MD ears. Radiological assessment of EH using HYDROPS MRI is valuable for evaluating the extent and severity of MD, as well as the pathophysiological relationship of MD with EH.
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