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Vestibular Endolymphatic Hydrops Visualized by Magnetic Resonance Imaging and Its Correlation With Vestibular Functional Test in Patients With Unilateral Meniere's Disease












	
	ORIGINAL RESEARCH
published: 04 June 2021
doi: 10.3389/fsurg.2021.673811






[image: image2]

Vestibular Endolymphatic Hydrops Visualized by Magnetic Resonance Imaging and Its Correlation With Vestibular Functional Test in Patients With Unilateral Meniere's Disease

Yupeng Liu1,2,3†, Fan Zhang1,2,3†, Baihui He1,2,3, Jingchun He1,2,3, Qing Zhang1,2,3, Jun Yang1,2,3* and Maoli Duan4,5*


1Department of Otorhinolaryngology-Head & Neck Surgery, Xinhua Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China

2Ear Institute, Shanghai Jiaotong University School of Medicine, Shanghai, China

3Shanghai Key Laboratory of Translational Medicine on Ear and Nose Diseases, Shanghai, China

4Ear Nose and Throat Patient Area, Trauma and Reparative Medicine Theme, Karolinska University Hospital, Stockholm, Sweden

5Division of Ear, Nose and Throat Diseases, Department of Clinical Science, Intervention and Technology, Karolinska Institutet, Stockholm, Sweden

Edited by:
Robert Gürkov, Bielefeld University, Germany

Reviewed by:
Yuka Morita, Niigata University, Japan
 Sanjeev Mohanty, MGM Health Care, India

*Correspondence: Jun Yang, yangjun@xinhuamed.com.cn
 Maoli Duan, maoli.duan@ki.se

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Otorhinolaryngology - Head and Neck Surgery, a section of the journal Frontiers in Surgery

Received: 28 February 2021
 Accepted: 10 May 2021
 Published: 04 June 2021

Citation: Liu Y, Zhang F, He B, He J, Zhang Q, Yang J and Duan M (2021) Vestibular Endolymphatic Hydrops Visualized by Magnetic Resonance Imaging and Its Correlation With Vestibular Functional Test in Patients With Unilateral Meniere's Disease. Front. Surg. 8:673811. doi: 10.3389/fsurg.2021.673811



Background: Currently, 3 Tesla-MRI following intratympanic gadolinium injection has made it possible to assess the existence and the severity of hydrops in each compartment of the endolymphatic spaces in vivo. However, the relationship between vestibular endolymphatic hydrops (EH) visualized by MRI and vestibular functional tests, especially the correlation between caloric test, video-head impulse test, and semicircular canal hydrops, has not been well-investigated.

Objective: The purpose of this study is to investigate the relationship between the severity of EH in each compartment of otoliths and semicircular canal and the results of vestibular functional tests.

Methods: In this retrospective study, we performed three-dimensional fluid-attenuated inversion recovery (3D-FLAIR) sequences following intratympanic gadolinium injection in 69 unilateral patients with definite Menière's disease. Vestibular and lateral semicircular canal hydrops was graded on MRI using a four grade criterion. All patients underwent pure-tone audiometry, cervical vestibular evoked myogenic potential (cVEMP), ocular vestibular evoked myogenic potential (oVEMP), caloric test and video head impulse test (vHIT). The latency, amplitude and asymmetry ratio of VEMP, canal paresis (CP) and vestibulo-ocular reflex (VOR) gain of lateral semicircular canal of vHIT were collected. The correlation analysis were performed between the parameters of function test and EH.

Results: Vestibular EH showed correlations with the duration of disease (r = 0.360) and pure tone average (r = 0.326). AR of cVEMP showed correlations with Vestibular EH (r = 0.407). CP (r = 0.367) and VOR gain of lateral semicircular canal at 60 ms (r = 0.311) showed correlations with lateral semicircular canal hydrops.

Conclusion: EH in different compartments is readily visualized by using 3D-FLAIR MRI techniques. The degree of vestibular EH correlated with AR of cVEMP and EH in the semicircular canal ampullar affects the caloric and vHIT response in patients with unilateral Meniere‘s disease.
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INTRODUCTION

Ménière's disease (MD) is an idiopathic inner ear, which is characterized by recurrent attacks of vertigo, fluctuating hearing loss, tinnitus, and ear fullness. The Etiology of the disease is unclear and the pathological feature is endolymphatic hydrops (EH) (1). At present, a clinical diagnosis of MD is mainly based on the combination of medical history and auditory-vestibular function examination. With the combined application of different vestibular function examinations, clinicians can evaluate the function of saccule, the utricle, the low frequency of semicircular canal and the high frequency of semicircular canal separately by cervical vestibular-evoked myogenic potentials (cVEMP), ocular vestibular-evoked myogenic potentials (oVEMP), Caloric test, and video-head impulse test (vHIT) (2–4). Since 2007, the morphological assessment of EH in MD patients on magnetic resonance imaging (MRI) has been realized by the application of 3-dimensional fluid-attenuated inversion recovery (3D-FLAIR) sequence following the intratympanic injection of gadolinium (Gd) by Nakashima et al. (5). With the development of imaging technology, various structures of the inner ear have been observed by intratympanic or intravenous injection of contrast media.

In previous studies, many authors have reported the correlation between the degree of vestibular hydrops and vestibular function examination results in MD patients. But the conclusion is inconsistent. Guo et al. (6) reported that the asymmetry ratio (AR) of oVEMP showed correlation with the severity of vestibular EH. Katayama et al. (7) confirmed that EH was significantly associated with the disappearance of cVEMP. On the contrary, Kahn et al. (8) concluded that no significant correlation between the presence of EH and vestibular function was found in the research. The correlation between the caloric test and EH is also inconclusive. Kato et al. (9) presented that there was no significant correlation between the caloric test results and the degree of EH in the vestibule, or the lateral semicircular canal ampulla. While, Sluydts et al. (10) and Guo et al. (6) reported that the abnormal caloric tests was correlated with the severity of vestibular. Moreover, few studies have focused on the relationships between semicircular canal hydrops and vestibular-ocular reflex (VOR) recorded by video head impulse test (vHIT) (11, 12).

The purpose of this study is to elucidate the relationships between the results from cVEMP, oVEMP, the caloric test, vHIT, and EH visualized by Gd-enhanced MRI in patients with unilateral MD.



MATERIALS AND METHODS


Patients

This study was approved by the Ethics Committee of Xinhua Hospital, Shanghai Jiaotong University School of Medicine. Written informed consent was obtained from each participant. We retrospectively reviewed the medical records of 69 patients diagnosed with definite unilateral MD who were admitted to Department of Otolaryngology-Head and Neck Surgery, Xinhua Hospital, Shanghai Jiaotong University School of Medicine from March, 2018 to December, 2020. The diagnostic criteria was based on the 2015 consensus of the Barany Society (13). The inclusion criteria were as follows: (1) unilateral MD patients without complains, such as tinnitus, ear fullness, or hearing loss in the contralateral ears; (2) complete medical history record with auditory-vestibular function examinations and MRI. The exclusion criteria were as follows: (1) chronic otitis media or other middle or inner ear disease history; (2) history of middle or inner ear surgery; (3) receipt of intratympanic gentamicin or dexamethasone treatment; (4) use of vasodilators or diuretics in the previous 2 weeks; (5) patients with claustrophobia, pregnancy, or Gd allergy.



Intratympanic Gd Injection and MRI

As our previous studies described, the Gd contrast medium (Omniscan, Xudonghaipu Pharmaceutical Co. Ltd, Shanghai, China) was diluted 8-fold with saline (v/v, 1: 7). Approximately 0.4–0.6 ml of the diluted Gd was injected intratympanically. The injection was performed under a microscope. The patient then was placed in the supine position for 60 min (14).

Twenty-four hours after the Gd injection, MRI scans were performed with a 3.0 Tesla MR scanner (UMR 770, united-imaging, Shanghai, China), using a 24-channel head coil. 3D-FLAIR imaging was subsequently performed. The scan parameters for the 3D-FLAIR sequence were as follows: time of repetition = 6,500 ms, time of echo = 286.1 ms, time of inversion = 1,950 ms, flip angle = 67°, slice thickness = 0.6 mm, echo train length = 160, field of view = 200 * 200 mm, and matrix size = 256 * 256, voxel size = 0.78 * 0.78 * 1.1 mm. The scan time was 6 min 11 s. Three dimensional heavily T2-weighted spectral attenuated inversion recovery (3D-T2-SPAIR) sequence was also performed with the following parameters: voxel size = 0.65 * 0.52 * 0.76 mm, scan time = 4 min 30 s, TR = 1,300 ms, TE = 254.7 ms, flip angle = 110°, slice thickness = 0.4 mm, field of view = 200 * 200 mm, and matrix size = 384 * 384 (15).



Image Analysis

The images were evaluated by an experienced neuroradiologist who was blinded to the patient's information. The vestibule and semicircular canal were separately evaluated. The vestibular part was evaluated using the semi-quantification four-grade system proposed by Bernaerts et al. (16). In brief, a normal vestibule is described as when the saccule and utricle are visibly separately and take less than half of the surface of the vestibule. When the saccule become equal or larger than the utricle, but is not yet confluent with the utricle, vestibular hydrops grade I is defined. When there is a confluence of the saccule and utricle with still a peripheral rim enhancement of the perilymphatic space, vestibular hydrops grade II is defined. When the perilymphatic enhancement is invisible, vestibular hydrops grade III is defined. The lateral semicircular canal was evaluated by the four-grade system proposed by our team in the previous study (15). We defined Grade 0 as no hydrops when a small visible herniation which was 1/3 less than the semicircular canal with perilymph surrounding, a larger herniation (>1/3) with hydrops as Grade I and the total invisibility of crura, which often accompany the stenosis of canals as Grade II. If all semicircular canals were invisible, we defined as Grade III. Images of each grade of vestibular and lateral semicircular canal were demonstrated in Figure 1.


[image: Figure 1]
FIGURE 1. Four grades of the vestibular EH and lateral semicircular canal EH. In this figure, 3D-FLAIR pictures (a–h) are shown adjacent to 3D-T2-SPAIR pictures (a′-h′) for each grade. For vestibule, grade 0 = No hydrops (a). The saccule and utricle are visibly separately and take less than half of the surface of the vestibule. Grade 1 = Mild hydrops (b). When the saccule become equal or larger than the utricle, but is not yet confluent with the utricle. Grade 2 = Moderate hydrops (c). There is a confluence of the saccule and utricle with still a peripheral rim enhancement of the perilymphatic space. Grade 3 = Severe hydrops (d). The perilymphatic enhancement is invisible. For lateral semicircular canal, grade 0 = No hydrops (e). A small visible herniation which is 1/3 less than the semicircular canal with perilymph surrounding can be observed. Grade 1 = Mild hydrops (f). A dark area occupying over 1/3 of the ampulla is observed. Grade 2 = Moderate hydrops (g). The crura become dark and some of the canals become invisible with hydrops, which often accompany the stenosis of canals. Grade 3 = Severe hydrops (h). All semicircular canals were invisible.




Audio-Vestibular Functional Tests
 
Audiometry

Pure-tone audiometry was performed in a soundproof room with the use of an audiometer (Type Madsen, Astera, Denmark). The pure-tone average (PTA) is the average of the 0.5, 1, and 2 kHz air conduction thresholds. The calculation is based on the MD guideline of China published in 2017 (17).



VEMP

VEMP tests were performed with a Bio-logic Navigator PRO auditory brainstem response diagnosis system. For cVEMP, electrodes were placed on the middle of each sternocleidomastoid muscle. The reference electrode was placed on the middle of clavicular joint and the ground electrode was placed on the nasion. The resistance between the electrodes was controlled at <5 kΩ. Tone bursts (95 dB normal hearing level [nHL], 500 Hz, rise/fall time1 ms, plateau time 2 ms, stimulation frequency 5 Hz, superposition 50 times) were delivered through headphones. Patients are instructed to raise their head from the pillow and supine head 30° after hearing a single stimulus to maintain sternocleidomastoid muscle in tension until the stimulus stops. A well-repeated wave form with p13 and n23 was defined as “Elicited.” Absence of a meaningful wave form with p13 and n23 was defined as no response. The P13 potential was identified as the first positive peak in the waveform, N23 was identified as the first negative peak in the waveform, and the peak-to-peak amplitude was the P13–N23 amplitude. The latency of P13 and N23, the amplitude of P13 and N23, and the amplitude of the first positive–negative peak (P13–N23) was recorded. The percent VEMP asymmetry ratio (AR) was calculated with the following formula using the amplitude of p13–n23 on the affected side (Aa) and that on the unaffected side (Au): VEMP asymmetry (%) = 100 (Au – Aa)/(Au + Aa) %. When only one side of the oVEMP was absent, the AR was calculated as 100%. A value of AR > 40% was considered abnormal (4).

For oVEMP, the setting parameters are the same as above. The electrode was placed 1 cm below the center of the opposite eyelid. The reference electrode was placed in the lower jaw and the ground electrode was placed on the nasion. Ask the patient to gaze upward after hearing a single stimulus. Keep the eye in 25–30° angle and blink as little as possible to maintain the tension of the inferior oblique muscle until the stimulus stops. A value of AR > 40 was considered abnormal (11).



vHIT

vHIT was performed with a video-oculography device (Interacoustics, EyeSeeCam, Denmark). The subject was instructed to maintain the fixation on an earth-fixed target, which is usually straight ahead. Experienced otologists An experienced laboratory technician delivered at least 20 brief, abrupt, and unpredictable head impulses per side (10–20° angle, duration 150–200 ms, peak velocity of >150°/s). The VOR gain was defined as the ratio of the eye velocity (°/s) over the head velocity (°/s). Individual VOR gains were automatically calculated using the device software. vHIT testing was considered to be abnormal for horizontal canal if VOR gain at 60 ms was <0.8 (18).



Caloric Test

The patients were placed in supine position by raising their head 30° to keep the horizontal canal in a vertical position. The external auditory canal was irrigated with 24°C cold air for cold testing and 50°C hot air for hot testing. The induced nystagmus was recorded using electronystagmography in a dark, open-eye situation. The percentage of canal paresis (CP%) was calculated using Jongkees' formula (19). A CP% of >25% was defined as caloric weakness.




Data Analysis

All data were analyzed with SPSS v. 25 statistical software (IBM Corp., NY, US). Continuous data are presented as mean with standard deviation. The Wilcoxon rank sum test was used for non-normal data. The chi-square test was applied to compare dichotomous variables among the groups. The Spearman correlation analysis was used for categorical data to explore the correlation between the severity of hydrops on MRI and audiovestibular tests. P-values < 0.05 were considered significant.




RESULTS


Demographics

The study population consisted of 34 men and 35 women (40 right-sided, 29 left-sided), with ages ranging from 28 to 75 years (mean age 52.62 ± 12.11 years). The mean duration of disease was 3.43 ± 2.86 years. The mean PTA was 55.92 ± 20.56. Based on the level of hearing loss, 5 (7.2%) patients met the criteria for Stage I. Nine (13.0%) patients could be classified as stage II, whereas Stage III and Stage IV comprised 41 (57.9%) and 14 (20.3%) of the patients, respectively. The baseline characteristics of the patient population are summarized in Table 1.


Table 1. Characteristics of the study population.
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MRI Data

Four patients were excluded in the final data analysis because the contrast medium could not even be observed in the any part of membrane labyrinth. Poor permeability of the round window membrane is the most probable reason. Variable degrees of vestibular hydrops were observed in 57 of 65 (87.7%) patients in the affected ear (Table 2). According to the vestibular hydrops grade system, 8 (12.3%) were in grade 0, 14 (21.5%) were in grade 1, 22 (33.8%) were in grade 2, and 21 (32.3%) were in grade 3. For the ampulla hydrops of lateral semicircular canal part, 29 (44.6%) were in grade 0, 23 (35.4%) were in grade 1, 8 (12.3%) were in grade 2, and 5 (7.7%) were in grade 3. A total of three patients had normal vestibule and semicircular canal on MRI. The severity of vestibular hydrops showed correlations with the duration of disease (r = 0.360, p = 0.003) (Figure 2A) and PTA (r = 0.326, p = 0.008) (Figure 2B). Vestibular hydrops is not correlated with age of patients (p = 0.634). No correlations were observed between lateral semicircular canal hydrops and duration of disease (p = 0.582), PTA (p = 0.348), and age of patients (p = 0.768) (Table 3).


Table 2. EH grade in vestibule and lateral semicircular canal.
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FIGURE 2. (A) Correlation between grade of vestibular EH (x-axis) and disease duration (y-axis). The positive correlation is significant (r = 0.360, p = 0.003). (B) Correlation between grade of vestibular EH (x-axis) and PTA (y-axis). The positive correlation is significant (r = 0.326, p = 0.008).



Table 3. Results of vHIT and Caloric test in patients.
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Correlation Between Vestibular Function Tests and MRI
 
VEMP

A total of 6 patients showed bilateral absence of cVEMP were excluded in the correlation analysis with hydrops on MRI. cVEMP was elicited in 48 of 65 (73.8%) patients. The P13–N23 amplitude of the affected side was significantly smaller than the contralateral side (p < 0.05). The mean AR of cVEMP was 0.42 ± 0.32. The Spearman correlation analysis revealed no correlations between vestibular hydrops and the latency of P13 (p = 0.390), the latency of N23 (p = 0.056), or the amplitude of P13–N23 (p = 0.109). Vestibular hydrops is significantly correlated with AR of cVEMP (r = 0.407, p = 0.001) (Figure 3).


[image: Figure 3]
FIGURE 3. Correlation between grade of vestibular EH (x-axis) and AR of cVEMP (y-axis). The positive correlation is significant (r = 0.407, p = 0.001).


For oVEMP, a total of 28 patients showed bilateral absence of oVEMP were excluded in the correlation analysis with hydrops on MRI. oVEMP was elicited in 26 of 65 (40.0%) patients. The P13–N23 amplitude of the affected side was significantly smaller than the contralateral side (p < 0.05). The mean AR of oVEMP was 0.49 ± 0.43. Vestibular hydrops showed no significance in correlation with AR of oVEMP (p = 0.098) (Figure 4). Also, there were no significant correlations between vestibular hydrops and the latency of P13 (p = 0.976), the latency of N23 (p = 0.590), the amplitude of P13–N23 (p = 0.090).


[image: Figure 4]
FIGURE 4. Correlation between grade of vestibular EH (x-axis) and AR of oVEMP (y-axis). The positive correlation is insignificant (p = 0.098).




Caloric Test and vHIT

CP was observed in 38 of 65 (58.5%) patients. CP was significantly correlated with lateral semicircular canal hydrops (r = 0.367, p < 0.003) (Figure 5). No correlation was observed between CP and vestibular hydrops (p = 0.365).


[image: Figure 5]
FIGURE 5. Correlation between grade of lateral semicircular canal EH (x-axis) and CP (y-axis). The positive correlation is significant (r = 0.367, p = 0.003).


Abnormal VOR gain was observed in 14 of 65 (21.5%) patients. The mean VOR gain on the affected side was 0.95 ± 0.19 and 1.11 ± 0.15 on the contralateral side. The VOR gain of affected side is significantly lower than the contralateral side (p < 0.05). VOR gain was significantly correlated with lateral semicircular canal hydrops (r = 0.311, p = 0.012) (Figure 6). There was no significant correlations between vestibular hydrops and VOR gains (p = 0.243).


[image: Figure 6]
FIGURE 6. Correlation between grade of lateral semicircular EH (x-axis) and VOR gain of affected side (y-axis). The negative correlation is significant (r = −0.311, p = 0.012).






DISCUSSION

The pathological change of MD is characterized by EH. Clinical diagnosis of MD is mainly based on the combination of medical history and auditory-vestibular function examination. With the development of Gd-contrasted inner ear MRI, clinicians are now able to observe this most important pathologic feature of MD by in vivo MRI. According to the previous studies, the accuracy for clinical diagnosed MD is 56–73% for electrocochleogram, VEMP, and caloric test (20–22). On the other hand, Gd MRI demonstrated EH in 90% of the patients with MD in a multicenter clinical study (23). The in vivo visualization of EH has become a powerful tool for the investigation of MD. Furthermore, the significance of EH and vestibular function tests in patients with MD has not been fully characterized yet. The recent research published by our team modified the grading system of vestibular and semicircular canal hydrops (15). The “volume-referencing” grading system showed a better correlation with the MD clinical features and had more diagnostic value than previously published methods. But the correlation between this grading system and vestibular function tests requires further research.

In this study, four patients (4/69, 14.5%) were excluded in the final data analysis because no signs of any contrast medium could be observed in any part of the endolymph. We considered the possible cause of this phenomenon is that the permeability of the round window membrane is poor and the concentration of the contrast agent into the inner ear is insufficient. Yoshioka et al. (24) evaluated the permeability of the round window membrane in 42 MD patients and 13 non-hydrop inner ear disease patients by 3D-FLAIR MRI after intratympanic Gd injection. The results showed that 13% of the patients had poor permeability of the round window membrane, and nearly half of them had calcified plaques n the tympanic membrane or inflammation in the mastoid. This proportion is similar to that of our study. The permeability of the round window membrane is an unpredictable reason for the failure of inner ear MRI after intratympanic Gd injection.

The relationship between the degree of EH and clinical features, such as duration of the disease and hearing loss was previously reported by researchers. In this study, we confirmed that vestibular EH was correlated with duration of disease and PTA. Gurkov et al. (25) reported that Patients with a longer disease duration had a higher degree of EH. A significant positive correlation between hearing loss and cochlear EH was also confirmed. But the correlation between vestibular hydrops and hearing loss or duration of disease was not mentioned. Wu et al. (26) revealed that there was a significant correlation between the duration and vestibular EH. PTA thresholds at low and middle frequencies were significantly correlated with the extent of EH in cochlea. No significant correlation was detected with the vestibular hydrops and PTA. Yang et al. (27) demonstrated both vestibular and cochlear EH were significantly correlated with PTA. But they concluded that duration of disease was not correlated with vestibular EH or cochlear EH. Fiorino et al. (28) concluded that the severity of vestibular EH is positively correlated with the course of disease, especially in patients with more than 5 years of disease duration. The results are consistent with the pathological findings of the temporal bone (29). The above results suggest that the EH in patients with MD is progressive aggravation, However, the mechanism of this phenomenon in MD remains to be further studied. The ideal method to study the correlation between the duration of disease and EH should be the large scale longitudinal study in different course of disease in the same patient. But its feasibility is limited due to the economics and ethics considerations.

VEMP has been gradually widely applied in the clinical diagnosis and research in various kinds of peripheral vestibular diseases. cVEMP can reflect the function of saccule and the integrity of its pathway. The pathway is from the saccule, inferior vestibular nerve, vestibular nucleus, accessory nucleus, accessory nerve to sternocleidomastoid muscle. oVEMP can reflect the function of utricle and the integrity of its pathway. The pathway is from the utricle, superior vestibular nerve, vestibular nucleus, contralateral medial longitudinal fasciculus, contralateral oculomotor nucleus to contralateral inferior oblique muscle (2). The elicited response rate of cVEMP and oVEMP was 73.8 and 40.0% in this study. The response rate of oVEMP was lower than the data previously reported (30, 31). The possible reason is that 78.2% (55 of 69) patients included in this study were in stage III and stage IV. The response rate and abnormal rate of cVEMP and oVEMP in MD increased with the progression of the disease and the severity of hearing loss (32). The latency both in cVEMP and oVEMP showed no correlations with vestibular EH in our study. Researches have revealed that the latency of VEMP is prolonged due to the damage of the vestibular nerve pathway in the retrolabyrinthine (33). However, different conclusions have been made in the researches of MD patients. Johnson et al. (34) revealed that the latency of P13 was prolonged in the affected side of MD patients when compared to the contralateral side and the healthy controls. On the other hand, Murofushi et al. (35) patients with MD or vestibular neuritis hardly showed any latency prolongation in cVEMP. Whether the vestibular nerve pathway in the retrolabyrinthine of MD patients is damaged still need to be clarified in the future study. Since the amplitude of VEMP can be affected by muscle tension and subcutaneous thickness, Young et al. (36) put forward the concept of AR, and considered that AR is a more accurate method to evaluate the vestibular function of both sides, which can reflect the symmetry of vestibular function in MD patients. The present study demonstrated that AR of cVEMP was correlated with vestibular EH while AR of oVEMP was not. Gurkov et al. (25) drew a similar conclusion with our study, which indicated that patients with a more severe degree of vestibular EH also had a worse sacculus function. Guo et al. (6) have also reported that cVEMP AR was higher in MD patients with severe vestibular hydrops than in patients without vestibular hydrops. The phenomenon matches the theory that severe vestibular EH would lead to permanent morphological changes of the sensory organs, including the loss of saccular macula associated with the collapse of the saccular wall onto the otolithic membrane, which is consistent with reduced cVEMP (29). Quantitative analyses of the relationship with oVEMP values and EH degrees in vestibule in MD patients are rare. Jerin et al. (37) concluded that the 500/1,000 Hz amplitude ratio was neither correlated with the degree of endolymphatic hydrops nor with the duration of disease. The correlation between oVEMP and EH need to be further studied.

In the present study, CP was observed in 38 of 65 (58.5%) patients while abnormal VOR gain was only observed in 14 of 65 (21.5%) patients. The function of semicircular canal has frequency specificity. The caloric test was a function test at low frequency, while the VHT was a test of the high frequency. They are complementary. The abnormal rate of caloric test in patients with MD is higher than that of vHIT. The probable explanation is that the low frequency function of the semicircular canal decreased firstly, and then the high frequency function impairment occurred later in MD patients, because the caloric test examines the response of the semicircular canal at a low frequency and non-physiological stimulation, which the daily activities can not compensate for its functional decline. While the vHIT examines the high frequency function of the semicircular canal, and the frequency of head position movement stimulation in daily activities is relatively consistent with the high frequency. Vestibular compensation plays a vital role in the high frequency function impairment in patients with MD. Thus, high frequency function impairment occurs later in the duration of the disease and maintains a relative balance between the two sides (38). There were few reports of the semicircular function related to EH detected with MRI. In previous studies, Kahn et al. (8) reported no significant correlation between ampullar hydrops and vHIT by a simple two-grade canal hydrops evaluation. Gurkov et al. (25) demonstrated no significant correlation between the severity of vestibular EH and CP. Fukushima et al. (39) revealed that vestibular EH was not correlated with VOR gains, but correlated with CP. However, both CP and VOR gains of lateral semicircular canal showed significant correlations with hydrops according to the modified canal hydrops grading system proposed by our team. Although a single vHIT or caloric test has limited sensitivity to MD, especially in the early stage of the disease. But as the disease progressing, changes of CP and VOR gains of lateral semicircular canal were able to represent the degree of lateral semicircular canal hydrops to a certain extent.

These limitations should be taken into consideration is this study. First, the results of vestibular function test were short of normal healthy population in local area as reference. Adapting the standard values reported by the previous literature in the study would lead to result error. Second, the reliability of the statistical analyses would profit from a greater number of patients. Third, in this study, 78.2% of the patients were in stage III and stage IV, and most of them had significant vestibular hydrops. In some cases, it was difficult to evaluate the degree of EH in the lateral semicircular canal because of the close anatomic connection between the utricle and the ampulla of the lateral semicircular canal. The number of patients with no or mild EH was relatively small. Thus, for more precise study between canal hydrops and caloric test and vHIT, a study including more patients of stage I and stage II is necessary.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by The Ethics Committee of Xinhua Hospital, Shanghai Jiaotong University School of Medicine. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

JY and MD contributed to the study design, critically reviewed, and approved the final manuscript. YL and FZ contributed to the detailed study design and performed data acquisition, statistical analysis, and interpretation of results, drafting of the manuscript, and revised the manuscript. BH, JH, and QZ contributed to the methods of statistical analysis and critically reviewed the manuscript. All authors agree to be accountable for the content of the work, integrity, accuracy of the data, contributed to the article, and approved the submitted version.



FUNDING

This work was funded by Cross-key Projects in Medical and Engineering Fields of Shanghai Jiaotong University (No. ZH2018ZDA11) and Clinical Research Cultivation Fund of Xinhua Hospital (Nos. 17CSK03 and 18JXO04).



REFERENCES

 1. Nakashima T, Pyykkö I, Arroll MA, Casselbrant ML, Foster CA, Manzoor NF, et al. Meniere's disease. Nat Rev Dis Primers. (2016) 2:16028. doi: 10.1038/nrdp.2016.28

 2. Murofushi T. Clinical application of vestibular evoked myogenic potential (VEMP). Auris Nasus Larynx. (2016) 43:367–76. doi: 10.1016/j.anl.2015.12.006

 3. McGarvie LA Curthoys IS MacDougall HG Halmagyi GM. What does the head impulse test versus caloric dissociation reveal about vestibular dysfunction in Ménière's disease? Ann N Y Acad Sci. (2015) 1343:58–62. doi: 10.1111/nyas.12687

 4. Egami N, Ushio M, Yamasoba T, Yamaguchi T, Murofushi T, Iwasaki S. The diagnostic value of vestibular evoked myogenic potentials in patients with Meniere's disease. J Vestib Res. (2013) 23:249–57. doi: 10.3233/VES-130484

 5. Nakashima T, Naganawa S, Sugiura M, Teranishi M, Sone M, Hayashi H, et al. Visualization of endolymphatic hydrops in patients with Meniere's disease. Laryngoscope. (2007) 117:415–20. doi: 10.1097/MLG.0b013e31802c300c

 6. Guo P, Sun W, Shi S, Zhang F, Wang J, Wang W. Quantitative evaluation of endolymphatic hydrops with MRI through intravenous gadolinium administration and VEMP in unilateral definite Meniere's disease. Eur Arch Otorhinolaryngol. (2019) 276:993–1000. doi: 10.1007/s00405-018-05267-7

 7. Katayama N, Yamamoto M, Teranishi M, Naganawa S, Nakata S, Sone M, et al. Relationship between endolymphatic hydrops and vestibular-evoked myogenic potential. Acta Otolaryngol. (2010) 130:917–23. doi: 10.3109/00016480903573187

 8. Kahn L, Hautefort C, Guichard JP, Toupet M, Jourdaine C, Vitaux H, et al. Relationship between video head impulse test, ocular and cervical vestibular evoked myogenic potentials, and compartmental magnetic resonance imaging classification in Menière's disease. Laryngoscope. (2020) 130:E444–52. doi: 10.1002/lary.28362

 9. Kato M, Teranishi M, Katayama N, Sone M, Naganawa S, Nakashima T. Association between endolymphatic hydrops as revealed by magnetic resonance imaging and caloric response. Otol Neurotol. (2011) 32:1480–5. doi: 10.1097/MAO.0b013e318235568d

 10. Sluydts M, Bernaerts A, Casselman JW, De Foer B, Blaivie C, Zarowski A, et al. The relationship between cochleovestibular function tests and endolymphatic hydrops grading on MRI in patients with Menière's disease. Eur Arch Otorhinolaryngol. (2021). doi: 10.1007/s00405-021-06610-1. [Epub ahead of print].

 11. Okumura T, Imai T, Takimoto Y, Takeda N, Kitahara T, Uno A, et al. Assessment of endolymphatic hydrops and otolith function in patients with Ménière's disease. Eur Arch Otorhinolaryngol. (2017) 274:1413–21. doi: 10.1007/s00405-016-4418-2

 12. Kitano K, Kitahara T, Ito T, Shiozaki T, Wada Y, Yamanaka T. Results in caloric test, video head impulse test and inner ear MRI in patients with Ménière's disease. Auris Nasus Larynx. (2020) 47:71–8. doi: 10.1016/j.anl.2019.06.002

 13. Lopez-Escamez JA, Carey J, Chung WH, Goebel JA, Magnusson M, Mandalà M, et al. Diagnostic criteria for Menière's disease. J Vestib Res. (2015) 25:1–7. doi: 10.3233/VES-150549

 14. Liu Y, Jia H, Shi J, Zheng H, Li Y, Yang J, et al. Endolymphatic hydrops detected by 3-dimensional fluid-attenuated inversion recovery MRI following intratympanic injection of gadolinium in the asymptomatic contralateral ears of patients with unilateral Ménière's disease. Med Sci Monit. (2015) 21:701–7. doi: 10.12659/MSM.892383

 15. He B, Zhang F, Zheng H, Sun X, Chen J, Chen J, et al. The correlation of a 2D volume-referencing endolymphatic-hydrops grading system with extra-tympanic electrocochleography in patients with definite Ménière's disease. Front Neurol. (2021) 11:595038. doi: 10.3389/fneur.2020.595038

 16. Bernaerts A, Vanspauwen R, Blaivie C, van Dinther J, Zarowski A, Wuyts FL, et al. The value of four stage vestibular hydrops grading and asymmetric perilymphatic enhancement in the diagnosis of Menière's disease on MRI. Neuroradiology. (2019) 61:421–9. doi: 10.1007/s00234-019-02155-7

 17. Editorial Board of Chinese Journal of Otorhinolaryngology Head and Neck Surgery Society of Otorhinolaryngology Head and Neck Surgery Chinese Medical Association. Guideline of diagnosis and treatment of Meniere disease (2017). Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi. (2017) 52:167–72. doi: 10.3760/cma.j.issn.1673-0860.2017.03.002

 18. McGarvie LA MacDougall HG Halmagyi GM Burgess AM Weber KP Curthoys IS. The video head impulse test (vHIT) of semicircular canal function–age-dependent normative values of VOR gain in healthy subjects. Front Neurol. (2015) 6:154. doi: 10.3389/fneur.2015.00154

 19. Jongkees LB, Maas JP, Philipszoon AJ. Clinical nystagmography. A detailed study of electro-nystagmography in 341 patients with vertigo. Pract Otorhinolaryngol (Basel). (1962) 24:65–93.

 20. Nguyen LT, Harris JP, Nguyen QT. Clinical utility of electrocochleography in the diagnosis and management of Meniere's disease: AOS and ANS membership survey data. Otol Neurotol. (2010) 31:455–9. doi: 10.1097/MAO.0b013e3181d2779c

 21. Lamounier P, de Souza TSA, Gobbo DA, Bahmad F Jr. Evaluation of vestibular evoked myogenic potentials (VEMP) and electrocochleography for the diagnosis of Ménière's disease. Braz J Otorhinolaryngol. (2017) 83:394–403. doi: 10.1016/j.bjorl.2016.04.021

 22. Seo YJ, Kim J, Choi JY, Lee WS. Visualization of endolymphatic hydrops and correlation with audio-vestibular functional testing in patients with definite Meniere's disease. Auris Nasus Larynx. (2013) 40:167–72. doi: 10.1016/j.anl.2012.07.009

 23. Pyykkö I, Nakashima T, Yoshida T, Zou J, Naganawa S. Meniere's disease: a reappraisal supported by a variable latency of symptoms and the MRI visualisation of endolymphatic hydrops. BMJ Open. (2013) 3:e001555. doi: 10.1136/bmjopen-2012-001555

 24. Yoshioka M, Naganawa S, Sone M, Nakata S, Teranishi M, Nakashima T. Individual differences in the permeability of the round window: evaluating the movement of intratympanic gadolinium into the inner ear. Otol Neurotol. (2009) 30:645–8. doi: 10.1097/MAO.0b013e31819bda66

 25. Gurkov R, Flatz W, Louza J, Strupp M, Ertl-Wagner B, Krause E. In vivo visualized endolymphatic hydrops and inner ear functions in patients with electrocochleographically confirmed Meniere's disease. Otol Neurotol. (2012) 33:1040–5. doi: 10.1097/MAO.0b013e31825d9a95

 26. Wu Q, Dai C, Zhao M, Sha Y. The correlation between symptoms of definite Meniere's disease and endolymphatic hydrops visualized by magnetic resonance imaging. Laryngoscope. (2016) 126:974–9. doi: 10.1002/lary.25576

 27. Yang S, Zhu H, Zhu B, Wang H, Chen Z, Wu Y, et al. Correlations between the degree of endolymphatic hydrops and symptoms and audiological test results in patients with Menière's disease: a reevaluation. Otol Neurotol. (2018) 39:351–6. doi: 10.1097/MAO.0000000000001675

 28. Fiorino F, Pizzini FB, Beltramello A, Barbieri F. Progression of endolymphatic hydrops in Ménière's disease as evaluated by magnetic resonance imaging. Otol Neurotol. (2011) 32:1152–7. doi: 10.1097/MAO.0b013e31822a1ce2

 29. Fraysse BG, Alonso A, House WF. Menière's disease and endolymphatic hydrops: clinical-histopathological correlations. Ann Otol Rhinol Laryngol Suppl. (1980) 89:2–22. doi: 10.1177/00034894800896s201

 30. Taylor RL, Wijewardene AA, Gibson WP, Black DA, Halmagyi GM, Welgampola MS. The vestibular evoked-potential profile of Ménière's disease. Clin Neurophysiol. (2011) 122:1256–63. doi: 10.1016/j.clinph.2010.11.009

 31. Winters SM, Campschroer T, Grolman W, Klis SF. Ocular vestibular evoked myogenic potentials in response to air-conducted sound in Ménière's disease. Otol Neurotol. (2011) 32:1273–80. doi: 10.1097/MAO.0b013e31822e5ac9

 32. Young YH. Potential application of ocular and cervical vestibular-evoked myogenic potentials in Meniere's disease: a review. Laryngoscope. (2013) 123:484–91. doi: 10.1002/lary.23640

 33. Oh SY, Kim HJ, Kim JS. Vestibular-evoked myogenic potentials in central vestibular disorders. J Neurol. (2016) 263:210–20. doi: 10.1007/s00415-015-7860-y

 34. Johnson SA, O'Beirne GA, Lin E, Gourley J, Hornibrook J. oVEMPs and cVEMPs in patients with ‘clinically certain' Menière's disease. Acta Otolaryngol. (2016) 136:1029–34. doi: 10.1080/00016489.2016.1175663

 35. Murofushi T, Shimizu K, Takegoshi H, Cheng PW. Diagnostic value of prolonged latencies in the vestibular evoked myogenic potential. Arch Otolaryngol Head Neck Surg. (2001) 127:1069–72. doi: 10.1001/archotol.127.9.1069

 36. Young YH, Wu CC, Wu CH. Augmentation of vestibular evoked myogenic potentials: an indication for distended saccular hydrops. Laryngoscope. (2002) 112:509–12. doi: 10.1097/00005537-200203000-00019

 37. Jerin C, Berman A, Krause E, Ertl-Wagner B, Gürkov R. Ocular vestibular evoked myogenic potential frequency tuning in certain Menière's disease. Hear Res. (2014) 310:54–9. doi: 10.1016/j.heares.2014.02.001

 38. Agrawal Y, Minor LB. Physiologic effects on the vestibular system in Meniere's disease. Otolaryngol Clin North Am. (2010) 43:985–93. doi: 10.1016/j.otc.2010.05.002

 39. Fukushima M, Oya R, Nozaki K, Eguchi H, Akahani S, Inohara H, et al. Vertical head impulse and caloric are complementary but react opposite to Meniere's disease hydrops. Laryngoscope. (2019) 129:1660–6. doi: 10.1002/lary.27580

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Liu, Zhang, He, He, Zhang, Yang and Duan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-08-673811-g005.gif
L]
50 ssmni s

Lateral semicircular canal EH





OPS/images/fsurg-08-673811-g006.gif
IDIS PaIOAR JO LD HOA

Lateral semicirular canal EH





OPS/images/fsurg-08-673811-g003.gif
dW3A2 10 ¥y

Vestibular EH.





OPS/images/fsurg-08-673811-g004.gif
AR of OVEMP

+

Vestibular EH

:






OPS/images/fsurg-08-673811-t003.jpg
cP(+) cP(9 Total

VOR gian (+) 13 1 14
VOR gain () 2 26 51
Total 38 27 65

Chi-square test, correction for continuity. Statistically significant. %2 =
CP canal paresis; VOR gain, vestibulo-ocular reflex gain.

.981, p = 0.005.





OPS/images/fsurg-08-673811-t001.jpg
Characteristics N =69

Age (years) 52,62 + 12.11
Sex

Male 34 (49.3%)
Female 35 (50.7%)
Affected side

Left 29 (44.6%)
Right 40 (65.4%)
Duration of disease (years) 3.43+2.86
Mean PTA (dB) 55.92 + 2056
stage

| 5(7.2%)

[ 9(13.0%)

i 41(57.9%)
v 14 (20.3%)

Data are presented as mean + standard deviation or number (%).
Staging was based on the pure-tone average at 0.5, 1, and 2 kHz.





OPS/images/fsurg-08-673811-t002.jpg
None
Grade |
Grade Il
Grade Il

Vestibule

14
22
21

Lateral semicircular canal

29

23
8
5





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Vestibular Endolymphatic Hydrops Visualized by Magnetic Resonance Imaging and Its Correlation With Vestibular Functional Test in Patients With Unilateral Meniere's Disease



		Introduction



		Materials and Methods



		Patients



		Intratympanic Gd Injection and MRI



		Image Analysis



		Audio-Vestibular Functional Tests



		Audiometry



		VEMP



		vHIT



		Caloric Test









		Data Analysis







		Results



		Demographics



		MRI Data



		Correlation Between Vestibular Function Tests and MRI



		VEMP



		Caloric Test and vHIT













		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Surgery

Vestibular Endolymphatic Hydrops
Visualized by Magnetic Resonance
Imaging and Its Correlation With
Vestibular Functional Test in Patients
With Unilateral Meniere’s Disease





OPS/images/fsurg-08-673811-g001.gif
Vestibule Semicircular canal






OPS/images/fsurg-08-673811-g002.gif
Onesme arsmonyeary










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Surgery





