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Stratification of patients with Menière’s disease based on eye movement videos recorded from the beginning of vertigo attacks and contrast-enhanced MRI findings
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Purpose: Diagnosis of Menière’s disease (MD) relies on subjective factors and the patients diagnosed with MD may have heterogeneous pathophysiologies. This study aims to stratify MD patients using two objective data, nystagmus videos and contrast-enhanced magnetic resonance imaging (CE-MRI).

Methods: This is a retrospective cross-sectional study. According to the Japan Society for Equilibrium Research criteria (c-JSER), adults diagnosed with definite MD and who obtained videos recorded by portable nystagmus recorder immediately following vertigo attacks and underwent CE-MRI of the inner ear were included (ss = 91). Patients who obtained no nystagmus videos, who had undergone sac surgery, and those with long examination intervals were excluded (n = 40).

Results: The gender of the subjects was 22 males and 29 females. The age range was 20–82 y, with a median of 54 y. Endolymphatic hydrops (EH) were observed on CE-MRI in 84% (43 patients). Thirty-one patients had unilateral EH. All of them demonstrated EH on the side of the presence of cochlear symptoms. The number of patients who had both nystagmus and EH was 38. Five patients only showed EH and 5 patients only exhibited nystagmus, while 3 patients did not have either. Of the 43 nystagmus records, 32 showed irritative nystagmus immediately after the vertigo episode. The direction of nystagmus later reversed in 44% of cases over 24 h.

Conclusion: Patients were stratified into subgroups based on the presence or absence of EH and nystagmus. The side with cochlear symptoms was consistent with EH. The c-JSER allows for the diagnosis of early-stage MD patients, and it can be used to treat early MD and preserve hearing; however, this approach may also include patients with different pathologies.
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1 Introduction

Menière’s disease (MD), one of the most common causes of episodic vertigo (1), causes a variety of ear symptoms, including vertigo, sensorineural hearing loss, tinnitus, and ear fullness (2), and the attacks begin without any signs. MD is the second most common form of inner ear vertigo after benign paroxysmal positional vertigo, with a prevalence of 50 per 100,000 individuals in Japan (3, 4). MD is a major obstacle to the quality of life of patients, especially when patients are in their prime working years; it affects their social and economic activities. Patients with MD reportedly show endolymphatic hydrops (EH) of the inner ear on contrast-enhanced magnetic resonance imaging (CE-MRI) (5). EH is the expansion of the endolymphatic space in the cochlea and the vestibule.

In Japan, the diagnostic criteria for MD published by the Japan Society for Equilibrium Research (JSER) (6) are used clinically because the clinical guideline for MD in Japan targets cases diagnosed based on the criteria of JSER (c-JSER). In the insurance system maintained by the Japanese government, MD is covered for patients diagnosed with MD by c-JSER. The c-JSER basically follows the Bárány Society criteria, and confirmation of EH by autopsy or CE-MRI is not required to diagnose definite MD. The diagnosis for MD is based on a questionnaire, and there are no specific biomarkers, such as those found in malignant tumors, so patients diagnosed with MD may be a heterogeneous population with various pathogenesis. Some patients with MD have EH on CE-MRI, but others do not (7). Many therapies for MD exist, for example, oral administration of diuretics (8), intratympanic administration of steroids (9), intratympanic administration of gentamicin (10), endolymphatic sac decompression surgery (11), and vestibular neurectomy (12). However, there is no evidence for the effectiveness of any of these treatments. This might be because we are applying a uniform treatment to a population with different pathologies.

Regarding the examination, pure tone audiometry is a subjective examination and is not a completely objective test. On the contrary, nystagmus is the definitive objective finding. MD reportedly causes irritative nystagmus (IN; horizontal or horizontal torsional nystagmus beating to the affected side), which reverses in direction over time to paralytic nystagmus (PN; horizontal or horizontal torsional nystagmus beating to the unaffected side) (13). Although IN and PN are typical nystagmus findings in patients with MD, this nystagmus may not be observed clearly in outpatients because they come to the hospital at intervals of episodes of vertigo attacks. The patients sometimes show PN after shaking their heads, but not always.

The purpose of this study is to stratify patients with definite MD who have been diagnosed by c-JSER, which relies on questionnaires and subjective pure tone audiometry tests, using purely objective tests, namely nystagmus observations and CE-MRI. Nystagmus observations can only be obtained during vertigo attacks. Therefore, we developed a portable nystagmus recorder (PNR) capable of recording nystagmus during vertigo attacks (Figure 1). Nystagmus can be recorded from the beginning of vertigo attacks with a simple operation performed by the patient (Supplementary Video 1). We used PNR and accumulated video data of nystagmus in patients with MD. In addition, we discussed the pathophysiological aspects within each stratified subgroup.
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FIGURE 1
 Photo of Portable nystagmus recorder (PNR). A PNR consists of a portable video recorder and an infrared charge-coupled device (CCD) camera. The eyes were covered with glasses, and nystagmus was recorded in the dark. The PNR needed only a simple method in which the patient pressed three buttons in order.




2 Materials and methods


2.1 Guidelines and ethics

The study was conducted in accordance with the Declaration of Helsinki. This cross-sectional study was based on Strengthening the Reporting of Observational studies in Epidemiology (STROBE) reporting guidelines. This study was approved by the Ethics Committee of the Osaka University Hospital (No. 22282). Written informed consent was obtained from all the participants.



2.2 Study population and participant selection

Data were retrospectively extracted from the electronic medical records database of the Osaka University Hospital and the database of nystagmus videos. Inclusion criteria were (Figure 2): (i) men or women ≥20 y who visited the Department of Otorhinolaryngology-Head and Neck Surgery at the Osaka University Hospital between December 2015 and April 2022, (ii) patients diagnosed with definite MD according to the c-JSER (6), (iii) patients reporting at least one vertigo attack every 2 weeks and those who were provided a PNR, and (iv) those who agreed to undergo CE-MRI of the inner ear (n = 91) (Figure 3). Patients were excluded if they met any of the following conditions: (i) had undergone sac surgery (n = 9) or intratympanic gentamicin treatment (n = 0), (ii) had failed to obtain at least one video of the eye movements from the beginning of the vertigo attacks using the PNR (n = 28) or had failed to undergo CE-MRI (n = 1), and (iii) had a period of more than 1 year between the first use of the PNR and CE-MRI (n = 2). Consequently, 51 patients (138 videos of vertigo attacks) were included in the study (Table 1).

[image: Figure 2]

FIGURE 2
 Flowchart of patient inclusion. Patients were required to record vertigo attacks during the observation period using a portable nystagmus recorder (PNR). It was provided to patients who experienced vertigo attacks at least once every two weeks. A history of treatment such as sac surgery or intratympanic gentamicin treatment could affect the characteristics of nystagmus, and such patients were excluded. Patients with a period of >1 y between each examination were excluded since the pathogenesis may have changed during this period.
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FIGURE 3
 Contrast-enhanced magnetic resonance images (CE-MRI) of unilateral and bilateral endolymphatic hydrops. Unilateral (right) endolymphatic hydrops (A) and bilateral endolymphatic hydrops (B). Arrows indicate the endolymphatic hydrops in the cochlea and vestibule.




TABLE 1 Participant characteristics and details of CE-MRI findings.
[image: Table1]



2.3 Determination of the affected side

While determining the affected side, we did not initially rely on CE-MRI or the direction of nystagmus. Instead, we first determined the affected side mainly with a questionnaire. We then subsequently assessed the relationship between the affected side, the side presence of EH on CE-MRI, and the direction of nystagmus. The MD-affected side of all the patients was determined using a flowchart based on a questionnaire on cochlear symptoms during vertigo attacks and the results of various clinical examinations (Figure 4) (14–16). The measurement method for electrocochleography and glycerol vestibular evoked myogenic potential (GVEMP) followed previously reported protocols (17, 18). To determine whether the nystagmus was irritative or paralytic, this flowchart determined the affected side as unilateral. If both the right and left ear had cochlear symptoms, hearing fluctuations, and clinical examinations, the patients would be diagnosed as bilateral MD. Even if EH in the bilateral inner ear was observed, the patient was diagnosed as unilateral MD when the patient had unilateral cochlear symptoms with our flowchart. There were no patients diagnosed as bilateral MD according to the flowchart in this study.

[image: Figure 4]

FIGURE 4
 Flowchart of laterality decision. To determine whether the nystagmus is irritative or paralytic, this flowchart sorted out the affected side as unilateral. If the bilateral MD is applied to the flowchart, the affected side will not be decided.




2.4 Nystagmus recording from the beginning of vertigo attacks

A PNR (Figure 1) was provided to the patients with MD to record nystagmus from the beginning of vertigo attacks. The PNR was manufactured by the Biomedica Corporation (Osaka, Japan) and consisted of a portable video recorder and an infrared charge-coupled device (CCD) camera. The eyes were covered with glasses, and nystagmus was recorded in the dark. The PNR needed only a simple method in which the patient pressed three buttons. The observation period was 2 weeks and was extended for another 2 weeks if no vertigo attacks were recorded. Patients submitted one or more video series according to the number of vertigo attacks they experienced.

The direction of nystagmus recorded in the videos was determined as follows: IN, PN, or undefinable for each video, with the affected side as the reference. Videos without nystagmus were considered undefinable. Only a few vertical nystagmus was also observed but this was classified as undefinable when the horizontal component was unclear. There was no reversal of nystagmus in a single recording video. Typical nystagmus directions for each patient were determined from the recording results when the patients recorded multiple attacks. The results at the onset of the attack and the others were compared. Y. U. and T. I. independently reviewed all the videos and discussed their findings to reach a consensus regarding the type of nystagmus observed.



2.5 CE-MRI of the inner ear

All the enrolled patients underwent CE-MRI using one of two types of MRI equipment: MAGNETOM Trio (Siemens Medical Solutions, Erlangen, Germany) (Figure 3) or Sigma Excite HD 3 T (GE Healthcare, UK). The CE-MRI technique and determination of the presence or absence of EH in the cochlea and vestibule were the same as those employed in previous studies (19, 20).



2.6 Statistical analysis

We tested the independence of two items: the presence of EH on CE-MRI and the presence of nystagmus during vertigo attacks. We examined the statistical significance of the difference in the presence of nystagmus between EH-positive and EH-negative patients. Statistical analysis was performed using Easy R (EZR) software (Jichi Medical University Saitama Medical Center, Saitama, Japan); 2 × 2 tables were generated, and Fisher’s exact test was applied. Statistical significance was set at p < 0.05.




3 Results


3.1 Patients

The background characteristics of the included patients are shown in Table 1. Twenty-two (43%) patients were men, and 29 (57%) were women; the age range was 20–82 y, with a median age of 54 y. The affected side, as determined from the flowchart (Figure 4), was the right and left in 18 (35%) and 33 (65%) patients, respectively. According to the severity classification of AAO-HNS, there were 11 patients in Stage I, 3 in Stage II, 27 in Stage III, and 10 in Stage IV. The time between CE-MRI and the first video capture ranged from 1–332 days, with a median of 48 days.



3.2 Contents of the video data

In total, 138 attacks were recorded from 51 patients. The number of vertigo attacks recorded per patient ranged from one to nine. The median duration of a subjective vertigo attack (the time difference between the second recording moment of vertigo disappearance and the initiation of the first recording) was 2 h and 8 min, and the duration between the first and last recordings of a single vertigo attack was 24 h and 1 min. The direction of nystagmus at the onset of the vertigo attack included 73 (53%) attacks of IN, and 35 (25%) attacks of PN, and the remaining 30 (22%) video recordings were undefinable (Table 2). In the case-by-case analysis, 25 (49%) patients showed only IN, and nine (18%) patients showed only PN. Nine patients (18%) showed both IN and PN with multiple vertigo attacks. Eight patients (15%) had no nystagmus in the video. We recorded three times following a single vertigo attack (at the time the symptom disappeared, one hour after the symptom disappeared, and the day after the attack) (Figure 5). Comparing the direction at the onset of the attack, if the other three recordings showed the reverse direction, we concluded the reversal of nystagmus occurred. The reversal of nystagmus was observed in 19 patients (44%), of these, 14 were from IN to PN, and 5 were from PN to IN (see Figure 6).



TABLE 2 Details of nystagmus in the videos.
[image: Table2]
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FIGURE 5
 Recording Timing. Patients were instructed to use the PNR from the beginning of vertigo attacks to record videos and each recording lasted 2 min and to record four times per vertigo attack. We have collected video data taken (1) at the time of the attack, (2) when the symptoms disappeared, (3) one hour after the symptoms disappeared, and (4) the day after the attack. Sometimes the patients missed recording videos (2 and 3) due to going out or sleeping.
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FIGURE 6
 Characteristics of temporal changes in nystagmus direction. We observed the nystagmus of 38 patients in CMDN and 5 patients without EH. We checked all videos and determined the representative patterns of nystagmus in each 43 patients. In CMDN, most of the initial nystagmus were IN (30/38, 79%) and 43%(13/30) of them showed reversals in 24 h. 8 patients in the rest of CMDN showed PN at the onset of the vertigo attack, and 38%(3/8) showed reversals. On the other hand, among the 5 patients without EH, 2 patients showed IN, 3 showed PN, 1 case with IN and 2 cases with PN showing reversal the next day. I, patients with irritative nystagmus. IP, patients with irritative nystagmus followed by paralytic nystagmus, P, patients with paralytic nystagmus, PI, patients with parallytic nystagmus followed by irritative nystagmus.




3.3 CE-MRI findings

Of the 51 patients in which CE-MRI was performed, 16 (31%) were performed using Siemens MRI equipment and 35 (69%) with GE Healthcare equipment, as described in the Methods section (Table 1). The overall EH positivity rate in the patients included in this study was 84% (43/51 patients), comparable to previous reports (21, 22). Of the 43 patients, 31 (72%) had unilateral EH and 12 (28%) had bilateral EH, respectively. All 31 patients with unilateral EH demonstrated EH on the affected side, as determined by the flowchart (Figure 4). We also identified whether patients had EH in the cochlea and/or vestibule within the inner ear. Of the 43 patients with EH, the total number of ears with EH was 55. The number of ears with EH in the cochlea was 47 (85%) and that in the vestibule was 45 (82%).



3.4 Stratification of the patients using two objective findings: Nystagmus videos during the vertigo attacks and CE-MRI

We stratified all 51 patients into four subgroups based on two objective findings: the presence of nystagmus in videos and the CE-MRI findings in the inner ear (Table 3). The number of patients with nystagmus and EH was 38 (74%), nystagmus only was 5 (10%), EH only was 5 (10%), and neither nystagmus nor EH was 3 (6%), respectively. Statistical analysis revealed no significant difference in the prevalence of nystagmus between EH-positive and EH-negative patients (p = 0.10, Table 3).



TABLE 3 Stratification of the patients using nystagmus video recordings and CE-MRI of the inner ear.
[image: Table3]

We named the subgroup of patients who exhibited nystagmus and EH as a certain MD with nystagmus (CMDN). In this study, 38 out of 51 patients were in the CMDN group. Records of nystagmus were obtained in 38 patients of CMDN and 5 patients with nystagmus-positive and EH-negative, and the direction of nystagmus was investigated (Figure 6). We checked all videos and determined the representative patterns of nystagmus in each 43 patients. In CMDN, most of the initial nystagmus were IN (30/38, 79%) and 43%(13/30) of them showed reversals in 24 h. 8 patients in the rest of CMDN showed PN on the onset of the vertigo attack, and 38%(3/8) showed reversals. On the other hand, among the 5 patients without EH, 2 patients showed IN, and 3 showed PN, with 1 case with IN and 2 cases with PN showing reversal the next day.

Table 4 lists the results of inner ear function tests for 13 cases in which either nystagmus or EH were not observed. The subgroups listed from top to bottom are with nystagmus but without EH, without nystagmus and with EH, and neither nystagmus nor EH. The cases with smaller numbers, i.e., those shown higher, are more characteristic of MD. That is, cases within each subgroup with hearing fluctuations or abnormalities in inner ear function tests are listed higher. In the subgroup with nystagmus but without EH, except for one case, the hearing was almost normal with levels within 25 dB and hearing fluctuations between 10–25 dB. In the subgroup without nystagmus but with EH, except for one case, the hearing was ≤25 dB, but hearing fluctuations ranged widely from 15–55 dB. The subgroup without nystagmus nor EH had normal hearing and inner ear function, with all cases having hearing levels ≤7 dB and hearing fluctuations within 20 dB. The results of the inner ear function tests such as GVEMP and electrocochleography (15, 16, 23) showed positive findings of EH in nearly half of the cases.



TABLE 4 Clinical examination data for each non-CMDN (certain Menière’s disease with nystagmus) patient.
[image: Table4]




4 Discussion


4.1 Considerations for the four subgroups

In this study, we stratified the subgroup of patients who exhibited nystagmus and EH as CMDN (Table 3). In the CMDN group, all patients showed EH on the affected side, and nearly 80% of patients in this group presented with IN at the time of onset of the attack (Figure 6). This means that EH causes IN, i.e., the pathophysiology of the vertigo attack in CMDN is EH in the inner ear, and the pathophysiology of definite MD diagnosed by the c-JSER is EH in the inner ear because CMDN represented most patients in the study (38/51, 74.5%). We included only the patients with frequent vertigo attacks, at least once in two weeks, so according to the severity classification of AAO-HNS, most of the patients were categorized in Stage III and IV (37/51, 73%). They were advanced and their EH was detected clearly.

However, some patients were stratified into another subgroup, suggesting that the population diagnosed with definite MD using the c-JSER had a little heterogeneity. The results did not show statistical significance between the subgroup with nystagmus (88%, 38/45) with more EH than those without nystagmus (63%, 5/8) during vertigo attack (p = 0.10, Table 3). The lack of statistically significant differences may be because of the small number of cases in the subgroup without nystagmus.

We presented the clinical examination data for each patient in the subgroup with nystagmus but without EH in Table 4. The fluctuating range of hearing test results, GVEMP, and electrocochleography findings are highly specific for EH (15, 16, 23). Cases with more markedly positive results are shown in the upper row of Table 4. This subgroup may have early-onset EH that is too small to be detected by CE-MRI (24), i.e., the pathophysiology of patients stratified in this subgroup is also EH. In the future, EH may be observed in this patient group with CE-MRI. Since this group has less fluctuation in hearing level, it may be possible to keep their hearing in good condition by providing therapeutic intervention early on before their hearing deteriorates. In particular, if other test results suggest EH than CE-MRI, early intervention should be performed.

Alternatively, there is a possibility that the pathophysiology is something other than EH, for example, vestibular migraine (VM). However, all patients included in this study were excluded from the diagnosis of VM at the time of diagnosis. Therefore, all patients in this subgroup did not fill the diagnostic criteria of VM, such as “current or previous history of migraine with or without aura according to the International Classification of Headache Disorders” and/or “one or more migraine features with at least 50% of the vestibular episodes headache with at least two of the following characteristics: one-sided location, pulsating quality, moderate or severe pain intensity, aggravation by routine physical activity, photophobia and phonophobia, visual aura (25).” However, in the future, they may claim headaches that meet the diagnostic criteria for migraine, or the migraine-associated vertigo attacks may exceed 50%. Careful following up with patients in this group to determine whether such events occur is necessary.

The range of hearing fluctuations was greater than expected in the subgroup with EH but without nystagmus (Table 4, middle panel). Furthermore, many patient complaints and other test results were consistent with MD. Because patients in this group met the diagnostic criteria of definite MD and had EH on the affected side, the idea that their pathophysiology is other than EH is unreasonable. They did not show nystagmus during the vertigo attack because the observation period using the PNR may have been too short for recording nystagmus. Nystagmus could have been captured upon extending the observation period using PNR.

In the subgroup with neither nystagmus nor EH, all patients had an almost normal sense of hearing. Although it might occur that these patients were early MD and their nystagmus was so small and was determined as no nystagmus, the results indicated the inner ear is intact functionally and morphologically. Despite meeting diagnostic criteria for definite MD, three cases consistently lacked nystagmus and EH. These vertigo episodes might have had origins other than MD during the testing period. We consider that it is highly likely that the three patients would be diagnosed with another form of vertigo through blood pressure tests or psychological tests. Because the origin of their vertigo attack might not be the inner ear, the pathophysiology may be orthostatic dysfunction or psychogenic vertigo. In the c-JSER, the diagnosis of definite MD does not consider the level of hearing. So, if the c-JSER had numerical audiological diagnostic criteria, all patients in this subgroup would have been excluded from the diagnostic criteria in the same way as the Bárány Society criteria. Therefore, the head-up tilt test, the Schellong test which is also a test for orthostatic dysregulation (26), dizziness handicap inventory, and other inner ear function tests (predictive of negative results) should be performed.

From the above, it can be concluded that in >80% of definite MD using the c-JSER, EH is the underlying pathology. If the patients diagnosed with definite MD claim cochlear symptoms during vertigo attacks but do not show any audiological abnormality or nystagmus, we must consider the possibility of orthostatic dysfunction or psychogenic vertigo. Ten percent of the patients with definite MD are likely to be diagnosed with VM in the future (25), so when the treatment for MD is not effective, we must think of the possibility of VM and continue to ask questions relating to the migraine.



4.2 Affected side, the side with EH, and the direction of nystagmus

The MD-affected side in each patient was determined using a flowchart (Figure 4). Of the 51 cases, the affected side in 50 (98%) cases was determined using a relatively simple method (i.e., interview and audiometry). Furthermore, the affected side was an exact match in all 31 cases where EH was present on one side. This suggests that the side with cochlear symptoms may have EH and that interview and audiometry information are important for determining the affected side of MD. On the other hand, the direction of nystagmus varied. Although many patients exhibited IN (74%, 32/43), as previously reported (27), some also exhibited PN (26%, 11/43) (Figure 6). One patient had EH on the affected side, but all six recordings showed PN from the onset of the attack. Thus, EH could be the primary cause of PN. We recorded three times following a single vertigo attack (at the time the symptom disappeared, one hour after the symptom disappeared, and the day after the attack). Comparing the direction at the onset of the attack, if the other three recordings showed the reverse direction, we concluded the reversal of nystagmus occurred. The reversal of nystagmus was observed in 19 patients (44%). This recording method had three intermittent periods so another reversal may have occurred. We speculated there might have been many more cases where the direction had reversed. The majority of the patterns of nystagmus were IN to PN change, but some patients showed only PN, and other patients showed PN at the onset of the vertigo attack and IN later, so it might be possible to show PN at the onset of the vertigo attack. We cannot deny the possibility that the recorded PN was not the onset nystagmus but the reversed one, or that the affected side and the unaffected side have been determined as reversed.



4.3 Limitations

This study has certain limitations. First, an inherent limitation regarding recording timing during vertigo attacks existed, as it may have taken several minutes for the patient to become aware of the vertigo attack and begin the recording. The time elapsed from the patient’s awareness of the onset of the vertigo attack to the start of the recording ranged from as short as one minute to several minutes. We believe that the time from the onset of the vertigo attack to the start of recording never exceeds 10 min, even in longer instances. During this time, the direction of the nystagmus could have been reversed. Thus, the PN recorded in the nystagmus videos 1(Figure 5) could have started with IN. Second, we limited our study to patients who experienced at least one vertigo attack every 2 weeks. This restriction was introduced because if the frequency of vertigo attacks is low, the PNR rental period must be extended. Third, the PNR was provided for only 2 weeks, with a maximum observation period of 4 weeks. The small number of recording devices did not allow us to observe a single patient over an extended period. To address the second and third limitations, it would be useful to utilize smartphones (28–30), which have become ubiquitous in recent years, to capture nystagmus videos immediately following the onset of vertigo attacks. Once the procedure is integrated into a smartphone application, anyone can easily obtain nystagmus videos, which could improve the quality of medical treatment for vertigo. This could be achieved by making the application widely available to patients with vertigo and making nystagmus recordings a routine practice immediately after the onset of vertigo attacks. Finally, the interval between recording nystagmus and undergoing CE-MRI presents an issue. This is because a prolonged interval might lead to observations of two vertigo attacks stemming from different causes. In our study, the median interval was 48 days (Table 2), hence, it is reasonable to assume that the underlying causes of the vertigo attack during nystagmus recording and at the time of CE-MRI were largely consistent. MRI is widely used by doctors in various departments other than neurotologists. CE-MRI needs special protocols and analysis, we cannot order frequently so the time lag with PNR recordings would occur.



4.4 Generalizability

Since the method for participant selection and determination of the suitability criteria is in accordance with Table 1, reproducibility is considered to be ensured. In addition, since the PNR videos were recorded in a quality that identified the direction of nystagmus in all patients, we believe that the determination of nystagmus characteristics can be reproduced under the same conditions as in the present study.

In this study, the rental period of PNR was relatively short, ranging from 2 to 4 weeks. Since the frequency of vertigo attacks differs from patient to patient, the number of videos obtained within a certain period of time is expected to vary widely from patient to patient. Patients with a low number of videos or those classified in subgroups other than CMDN may be required to rent PNR for a longer period, but this is difficult because of the scarcity of equipment. With regard to the interval between the acquisition of nystagmus videos and CE-MRI of the inner ear, there was a variation from patient to patient, with the requirement that it be within one year. Ideally, the interval between the two should be as short as possible to ensure reproducibility, but this is difficult because the timing at which nystagmus videos can be acquired is unpredictable.




5 Conclusion

Obtaining vertigo attack recordings of patients with MD is challenging because MD vertigo attacks usually occur outside the hospital. We developed and used a PNR to collect nystagmus videos of vertigo attacks and stratified patients based on the nystagmus and CE-MRI findings. Thus, the cases were stratified into four subgroups: (i) a CMDN subgroup whose pathogenesis is presumed to be true MD, (ii) a subgroup with nystagmus but without EH, presumed to be early MD or VM overlap, (iii) a subgroup with EH but without nystagmus, where they should also belong to CMDN and (iv) a subgroup that has neither nystagmus nor EH and is presumed to be caused by something other than the inner ear, such as orthostatic dysregulation or psychogenic vertigo. Considering the affected side, the side with cochlear symptoms corresponded to the side with EH, and the direction of nystagmus immediately after the onset of the vertigo attack was mostly IN, but some showed PN. Furthermore, about half of the nystagmus was subsequently reversed. Therefore, directly determining the MD’s affected side based on the nystagmus’s direction is challenging.

In the future, devices such as smartphones can be used to record nystagmus, and the methodology utilized in this study can be applied to diagnose MD. Further video data accumulation and discussion of the treatment efficacy decisions for stratified patients can enable tailoring MD treatment according to the pathogenesis of each case.
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