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Objective: To develop a diagnostic algorithm for chronic vestibular syndromes by determining significant items that differ among diagnoses.

Methods: Two hundred thirty-one patients with chronic vestibular syndromes lasting for >3 months were included. Full vestibular tests and questionnaire surveys were performed: bithermal caloric test, cervical and ocular vestibular-evoked myogenic potential assessment, video head impulse test (vHIT), posturography, rotatory chair test, dizziness handicap inventory, hospital anxiety and depression scale (HADS), and Niigata persistent postural-perceptual dizziness (PPPD) questionnaire (NPQ). Differences in each item of the vestibular tests/questionnaires/demographic data were tested among the diagnoses. A receiver operating characteristic (ROC) curve was created for the significant items. The value that provided the best combination of sensitivity/specificity on the ROC curve was adopted as a threshold for diagnosing the targeted disease. Multiple diagnostic algorithms were proposed, and their diagnostic accuracy was calculated.

Results: There were 92 patients with PPPD, 44 with chronic dizziness due to anxiety (CDA), 31 with unilateral vestibular hypofunction (UVH), 37 with undifferentiated dizziness (UD), and 27 with other conditions. The top four diagnoses accounted for 88% of all chronic vestibular syndromes. Five significant items that differed among the four diseases were identified. The visual stimulation and total NPQ scores were significantly higher in the patients with PPPD than in those with UVH and UD. The percentage of canal paresis (CP %) was significantly higher in the patients with UVH than in those with PPPD, CDA, and UD. The patients with CDA were significantly younger and had higher anxiety scores on the HADS (HADS-A) than those with UVH and UD. Moreover, catch-up saccades (CUSs) in the vHIT were more frequently seen in the patients with UVH than in those with PPPD. The most useful algorithm that tested the total and visual stimulation NPQ scores for PPPD followed by the CP%/CUSs for UVH and HADS-A score/age for CDA showed an overall diagnostic accuracy of 72.8%.

Conclusions: Among the full vestibular tests and questionnaires, the items useful for differentiating chronic vestibular syndromes were identified. We proposed a diagnostic algorithm for chronic vestibular syndromes composed of these items, which could be useful in clinical settings.
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INTRODUCTION

The International Classification of Vestibular Diseases of the Bárány Society classifies vestibular diseases into three categories according to timing and duration of symptoms: episodic, acute, and chronic vestibular syndromes (1). In contrast to patients with acute and episodic vestibular syndromes, patients with chronic vestibular syndromes usually recover from acute symptoms and often lack remarkable findings on audio-vestibular tests. This would make diagnosing chronic vestibular syndromes difficult. Recent publications by the International Classification of Vestibular Diseases on the diagnostic criteria for chronic vestibular diseases, including persistent postural-perceptual dizziness (PPPD) (2), bilateral vestibulopathy (BVP) (3), and presbyvestibulopathy (PVP) (4), markedly accelerated our understanding of this group of diseases. Nonetheless, diagnosis of chronic vestibular syndromes, where only a few vestibular tests are useful, except for BVP and PVP, is still challenging in clinical settings. Because each chronic vestibular disease may have a different pathophysiology, these diseases should be treated with suitable strategies based on each pathophysiology, which implies that a correct diagnosis is essential.

In this study, we aimed to develop an algorithm for diagnosing chronic vestibular syndromes. For this purpose, we conducted full vestibular tests, including bithermal caloric test, cervical, and ocular vestibular-evoked myogenic potential (cVEMP and oVEMP, respectively) assessment, video head impulse test (vHIT), posturography, and rotatory chair test, and several questionnaire surveys for vestibular symptoms and mental disorders, such as the Dizziness Handicap Inventory (DHI), Hospital Anxiety and Depression Scale (HADS), and Niigata PPPD Questionnaire (NPQ), for patients with chronic vestibular symptoms lasting for >3 months. Differences in the results of each test were compared among chronic vestibular syndromes. Several significant test items were then extracted as useful test batteries for the diagnosis of chronic vestibular syndromes. Finally, several diagnostic algorithms using combinations of the test batteries were proposed, and the diagnostic accuracy of each algorithm was compared among the algorithms.



MATERIALS AND METHODS

This study was approved by the Institutional Review Board of Niigata University Hospital (No. 2020-0445) and was conducted in accordance with the Declaration of Helsinki.


Patients

We retrospectively examined the medical records of patients with chronic vestibular symptoms lasting for >3 months between October 2016 and September 2019. There were 231 participants: 150 women and 81 men with a median age of 52 years (range: 10–90 years).



Diagnosis

PPPD, BVP, and PVP were all diagnosed in accordance with the Bárány Society criteria (2–4). Unilateral vestibular hypofunction (UVH) was defined as unilateral abnormal values in the caloric test and/or vHIT, with a clear history of acute vertigo spell (5). Chronic dizziness due to anxiety (CDA) was defined as chronic dizziness with typical psychiatric and somatic symptoms of anxiety. If the cause of vestibular symptoms could not be specified, the patient was classified as having undifferentiated dizziness (UD).



Caloric Test

An alternate bithermal (26 and 45°C) air caloric test was performed. The maximum slow-phase velocity of the nystagmus was measured using electronystagmography, and the percentage of canal paresis (CP%) was calculated using the formula of Jongkees et al. (6). A CP% of >20% was considered to indicate significant unilateral caloric weakness. The percentage of directional preponderance was also calculated.



VEMP

To quantify otolithic function, we recorded the cVEMP and oVEMP using the Neuropack System (Nihon Kohden, Japan). Click (0.1-ms rarefactive square waves of 105-dB nHL) was used to induce the cVEMP. Meanwhile, a hand-held electromechanical vibrator (Minishaker, Bruel & Kjaer, Denmark) fitted with a short bolt terminating in a plastic cap was used to record the oVEMP. The vibrator delivered a 500-Hz tone burst (4-ms plateau and 1-ms rise and fall) on the subjects' skull at the Fz (midline of the hairline). The interaural asymmetry ratios (IAARs) of the cVEMP and oVEMP were obtained using the following formula:

IAAR = (Ar – Al)/(Ar + Al) × 100

Ar: normalized amplitude (p13-n23 or n10-p15) on the right side.

Al: normalized amplitude (p13-n23 or n10-p15) on the left side.

A |AR| of >33.3% was defined as unilateral saccular (cVEMP) or utricular (oVEMP) dysfunction.



Rotatory Chair Test

The rotatory chair test was performed using Nistamo21 IRN 2 (Morita, Japan). Therein, the patients sat in a rotatory chair to which a pendulum-like rotation was applied, so that the maximum head angular velocity was 50°/s at a stimulation frequency of 0.1 Hz. The angular velocity of eye movements was monitored and analyzed. The vestibulo-ocular reflex directional preponderance was calculated, and a value of >12% was considered significant.



Posturography

The patients underwent static posturography on a solid or rubber foam surface using Gravicoda® (ANIMA Corp., Japan), with their eyes opened and closed. The recording time was 60 s or until the subjects required assistance to prevent falling. In the eyes-open condition, the subjects were asked to watch a small, red circle 2 m away from where they were standing in a quiet, well-lit room. In the eyes-closed condition, the foam ratio (posturography with/without foam) was used as an indicator of somatosensory dependence of postural control and the Romberg ratio on the foam as an indicator of visual dependence.



DHI

The DHI is a standard questionnaire that quantitatively evaluates the degree of handicap in the daily life of patients with vestibular disorders and consists of 25 questions (7, 8). The total score ranges from 0 (no disability) to 100 (severe disability).



HADS

The HADS is a 14-item questionnaire comprising two subscales for assessing non-somatic symptoms of anxiety and depression. Each item in the questionnaire is rated from 0 to 3. The scores on the two subscales range from 0 (no sign of anxiety or depression) to 21 (maximum level of anxiety or depression). A score of ≥11 indicates clinically significant anxiety or depressive symptoms (9).



NPQ

The NPQ evaluates the degree of symptom exacerbation of PPPD using three characteristic factors: upright posture/walking, movement, and visual stimulation (10). Each question is scored from 0 (none) to 6 (unbearable); therefore, the total possible score for each factor is 24, and the total possible score for all three factors is 72.



Test Batteries and Diagnostic Algorithms

As shown later in the results section, four top diagnoses (PPPD, CDA, UVH, and UD) accounted for 88% of all chronic vestibular syndromes. Therefore, we concentrated on these four diseases in the later process of building diagnostic algorithms. Differences in the demographic data and results of the vestibular tests and questionnaires were compared among the four diseases using analysis of variance (Kruskal–Wallis test). The post-hoc Dann Bonferroni test was followed for the positive items.

As test batteries for diagnosing chronic vestibular syndromes, statistically significant results of vestibular tests, validated total and subscale scores of questionnaires, and demographic data were extracted. Receiver operating characteristic (ROC) curves for each item were created to diagnose the targeted disease. The accuracy for predicting the targeted disease was estimated using the area under the curve (AUC) of the ROC curve. Based on the ROC curves, threshold values to obtain the best combination of sensitivity and specificity were calculated. These thresholds were adopted when diagnosing the targeted disease using the following diagnostic algorithms. Multiple algorithms composed of the same positive items but with different orders were proposed for diagnosing chronic vestibular syndromes. Finally, the diagnostic accuracies of the algorithms were compared. Owing to the retrospective nature of the study, there was a lack of data for the vestibular tests, and only 118 out of the 231 patients who received all test batteries were enrolled in the analysis of the algorithms.

Given that the CP% was significantly higher in the patients with UVH than in those with PPPD (see results section), the vHIT was additionally performed for a limited number of these patients. The vHIT was performed using EyeSeeCam (Interacoustics, 5500 Middelfart, Denmark). The vestibulo-ocular reflex was generated through the rotation of the subjects' head, unpredictable in direction and time (peak head velocity of 150/s to 300/s), by the examiner who stood behind the subjects. The head impulses were delivered in the horizontal plane. Each participant underwent a minimum of five head impulses. Vestibulo-ocular reflex gains for the right and left lateral canals (RL and LL, respectively) were measured at 60 ms. The following vHIT parameters were analyzed and compared among the diseases: vestibulo-ocular reflex gain on the better and worse sides, asymmetry ratio (AR), and presence of catch-up saccades (CUSs, overt, and/or covert). The AR was calculated using the following formula: AR = |(RL–LL)/(RL+LL)| ×100 (%).



Statistics

Statistical analyses were conducted using the SPSS version 26 software. Statistical significance was set at a threshold of p < 0.05.




RESULTS

The specific diagnoses of the 231 patients were as follows: PPPD (n = 92), CDA (n = 44), UVH (n = 31), UD (n = 37), and other conditions (n = 27). The last 27 patients included 7 with BVP, 8 with brain tumor, 4 with PVP, 2 with spinocerebellar ataxia, 2 with fracture of the temporal bone, 2 with orthostatic dysfunction,1 with superior canal dehiscence syndrome, and 1 with petrous apex cholesterol granuloma. Since the top four diagnoses (PPPD, CDA, UVH, and UD) accounted for 88% of the chronic vestibular diseases (n = 204/231), we concentrated on these four diagnoses when deciding the test batteries for diagnosing chronic vestibular syndromes.

Among the five vestibular tests, three questionnaires, and demographic data, 12 items were significantly different among the four disease groups based on the Kruskal–Wallis test findings (Table 1). The post-hoc Dann Bonferroni test revealed 5 significant items out of the 12 items: visual stimulation score and total score of the NPQ, CP%, anxiety score on the HADS (HADS-A), and age (Figure 1). The visual stimulation score of the NPQ of the patients with PPPD (13.05 ± 5.21) was significantly higher than that of those with UVH (5.27 ± 4.08) (p < 0.05) and UD (6.20 ± 4.78) (p < 0.05; Figure 1A). The total score of the NPQ of the patients with PPPD (37.70 ± 13.51) was also significantly higher than that of those with UVH (19.80 ± 9.95) (p < 0.05) and UD (24.20 ± 14.90) (p < 0.05; Figure 1A). The CP% of the patients with UVH (51.81 ± 32.38%) was significantly higher than that of those with PPPD (20.17 ± 19.59%) (p < 0.05), CDA (16.57 ± 22.82%) (p < 0.05), and UD (14.94 ± 15.25%) (p < 0.05; Figure 1B). The HADS-A score of the patients with CDA (11.15 ± 5.89) was significantly higher than that of those with UVH (6.04 ± 3.85) (p < 0.05) and UD (6.19 ± 3.53) (p < 0.05; Figure 1C). The HADS-A score of the patients with PPPD (9.18 ± 4.70) was significantly higher than that of those with UD (6.19 ± 3.53) (p < 0.05; Figure 1C). The patients with CDA (42.4 ± 18.9 years) were significantly younger than those with UVH (63.5 ± 13.3 years) (p < 0.05) and UD (60.2 ± 19.7 years) (p < 0.05; Figure 1C). The patients with PPPD (48.3 ± 15.2 years) were significantly younger than those with UVH (63.5 ± 13.3 years) (p < 0.05) and UD (60.2 ± 19.7 years) (p < 0.05; Figure 1C). No items could discriminate between the patients with PPPD and CDA.


Table 1. Differences in demographic data and results of vestibular tests and questionnaires compared between the four diseases by analysis of variance (Kruskal-Wallis test).
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FIGURE 1. Comparisons of the (A) NPQ scores, (B) CP%, and (C) HADS-A score and age among the chronic vestibular syndromes. (A) The visual stimulation score of the NPQ of the PPPD group (13.05 ± 5.21) was significantly higher than that of the UVH (5.27 ± 4.08) (p < 0.05) and UD groups (6.20 ± 4.78) (p < 0.05). The total score of the NP of the PPPD group (37.70 ± 13.51) was significantly higher than that of the UVH (19.80 ± 9.95) (p < 0.05) and UD groups (24.20 ± 14.90) (p < 0.05). (B) The CP% of the UVH group (51.81 ± 32.38) was significantly higher than that of the PPPD group (20.17 ± 19.59) (p < 0.05), CDA group (16.57 ± 22.82) (p < 0.05), and UD group (14.94 ± 15.25) (p < 0.05). (C) The HADS-A score of the CDA group (11.15 ± 5.89) was significantly higher than that of the UVH group (6.04 ± 3.85) (p < 0.05) and UD group (6.19 ± 3.53) (p < 0.05). The HADS-A score of the PPPD group (9.18 ± 4.70) was significantly higher than that of the UD group (6.19 ± 3.53) (p < 0.05). The patients in the CDA group (42.4 ± 18.9 years) were significantly younger than those in the UVH group (63.5 ± 13.3 years) (p < 0.05) and UD group (60.2 ± 19.7 years) (p < 0.05). The patients in the PPPD group (48.3 ± 15.2 years) were significantly younger than those in the UVH group (63.5 ± 13.3 years) (p < 0.05) and UD group (60.2 ± 19.7 years) (p < 0.05). NPQ, Niigata PPPD questionnaire; CP%, percentage of canal paresis; HADS-A, anxiety score on the hospital anxiety and depression scale; PPPD, persistent postural-perceptual dizziness; CDA, chronic dizziness due to anxiety; UVH, unilateral vestibular hypofunction; UD, undifferentiated dizziness.


The AUC, 95% confidence interval (CI), and Youden index, which implies the best combination of sensitivity and specificity of ROC curves, are shown in Figure 2. The AUC of the ROC curve for the CP% was 0.832 (95% CI: 0.736–0.927), and a CP% of 19.8 had the best sensitivity (91.3%) and specificity (74.1%) for diagnosing UVH (Figure 2A). The AUC of the ROC curve for the visual stimulation score and total score of the NPQ was 0.770 (95% CI: 0.684–0.855) and 0.739 (95% CI: 0.648–0.830), respectively, and visual stimulation score and total score of the NPQ of 10.5 and 33.5, respectively, had the best sensitivity (visual stimulation score of 10.5: 67.5%; total score of 33.5: 66.2%) and specificity (visual stimulation score of 10.5: 74.0%; total score of 33.5: 74.0%) for diagnosing PPPD (Figure 2B). The AUC of the ROC curve for the HADS-A score and age was 0.657 (95% CI: 0.550–0.765) and 0.678 (95% CI: 0.586–0.770), respectively, and HADS-A score and age of 8.5 and 48.5 years, respectively, had the best sensitivity (HADS-A score of 8.5: 70.6%; age of 48.5 years: 65.9%) and specificity (HADS-A score of 8.5: 57.9%; age of 48.5 years: 61.2%) for diagnosing CDA (Figure 2C).
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FIGURE 2. ROC curve for the (A) CP%, (B) total and visual stimulation scores of the NPQ, and (C) age and HADS-A score. (A) The AUC of the ROC curve for the CP% was 0.832, and a CP% of 19.8 had the best sensitivity (91.3%) and specificity (74.1%) for diagnosing UVH. (B) The AUC of the ROC curve for the visual stimulation score and total score of the NPQ was 0.770 and 0.739, respectively, and visual stimulation score and total score of the NPQ of 10.55 and 33.5, respectively, had the best sensitivity (visual stimulation score of 10.5: 67.5%; total score of 33.5: 66.2%) and specificity (visual stimulation score of 10.5: 74.0%; total score of 33.5: 74.0%) for diagnosing PPPD. (C) The AUC of the ROC curve for age and the HADS-A score was 0.678 and 0.657, respectively, and age and HADS-A score of 48.5 years and 8.5, respectively, had the best sensitivity (age of 48.5 years: 65.9%; HADS-A score of 8.5: 70.6%) and specificity (age of 48.5 years: 61.2%; HADS-A score of 8.5: 57.9%) for diagnosing CDA. ROC, receiver operating characteristic; NPQ, Niigata PPPD questionnaire; CP%, percentage of canal paresis; HADS-A, anxiety score on the hospital anxiety and depression scale; AUC, area under the curve; PPPD, persistent postural-perceptual dizziness; CDA, chronic dizziness due to anxiety; UVH, unilateral vestibular hypofunction; CI, confidence interval.


Given that the CP% was useful for diagnosing UVH (AUC: 0.832), the vHIT, which is more accessible and widely used, was additionally performed for a limited number of patients with UVH and PPPD. As shown in Table 2, CUSs were more frequently seen in the patients with UVH than in those with PPPD (p = 0.002), while the other variables, including vHIT gain on both better and worse sides, AR, and number of patients showing vHIT gains of < 0.6, were not different between the patients with UVH and PPPD.


Table 2. V-HIT results for PPPD and UVH.
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Based on the significance of the abovementioned results, the visual stimulation score and total score of the NPQ were adopted as the items that could discriminate PPPD from the other chronic vestibular syndromes. The CP% and presence of CUSs in the vHIT were used to diagnose UVH. The HADS-A score and age were adopted as the criteria for diagnosing CDA. While the HADS-A score and age in the patients with PPPD significantly differed from those in the patients with UVH and UD (Figure 1), the AUC for the NPQ scores was higher than that for the HADS-A score and age (Figure 2). Therefore, the NPQ scores (total score and visual stimulation score) rather than the HADS-A score or age were used to diagnose PPPD.

Diagnosing PPPD, the most frequent disease, was prioritized in Algorithms 1 and 2 using the NPQ items first. In contrast, assessment of the presence of CUSs in the vHIT and CP%, the most accurate item (highest AUC of the ROC curves), which can discriminate UVH from the other diseases, was prioritized in Algorithms 3 and 4. Diagnosing CDA first was prioritized in Algorithms 5 and 6.

Figure 3A (upper panel) shows the diagnostic accuracy for each disease group using Algorithm 1: 80, 85.7, and 36.8% of the PPPD, UVH, and CDA cases, respectively, were correctly diagnosed. Figure 3A (lower panel) shows the diagnostic accuracy for each disease group using Algorithm 2: 80, 71.4, and 42.1% of the PPPD, UVH, and CDA cases, respectively, were correctly diagnosed. Figure 3B (upper panel) shows the diagnostic accuracy for each group using Algorithm 3: 92.9, 55.7, and 36.8% of the UVH, PPPD, and CDA cases, respectively, were correctly diagnosed. Figure 3B (lower panel) shows the diagnostic accuracy for each group using Algorithm 4: 92.9, 14.3, and 68.4% of the UVH, PPPD, and CDA cases, respectively, were correctly diagnosed. Figure 3C (upper panel) shows the diagnostic accuracy for each group using Algorithm 5: 84.2, 24.3, and 71.4% of the CDA, PPPD, and UVH cases, respectively, were correctly diagnosed. Figure 3C (lower panel) shows the diagnostic accuracy for each group using Algorithm 6: 84.2, 14.3, and 78.6% of the CDA, PPPD, and UVH cases, respectively, were correctly diagnosed. The final diagnostic accuracies for all diseases, except for UD, were 72.8% for Algorithm 1, 71.8% for Algorithm 2, 57.3% for Algorithm 3, 35.0% for Algorithm 4, 41.7% for Algorithm 5, and 35.9% for Algorithm 6.
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FIGURE 3. Diagnostic algorithms for chronic vestibular syndromes. (A) Algorithms diagnosing PPPD first. The overall accuracies for Algorithms 1 and 2 were 72.8 and 71.8%, respectively. (B) Algorithms diagnosing UVH first. The overall accuracies for Algorithms 3 and 4 were 57.3 and 35.0%, respectively. (C) Algorithms diagnosing CDA first. The overall accuracies for Algorithms 5 and 6 were 41.7 and 35.9%, respectively. NPQ, Niigata PPPD questionnaire; CP%, percentage of canal paresis; HADS, hospital anxiety and depression scale; PPPD, persistent postural-perceptual dizziness; CDA, chronic dizziness due to anxiety; UVH, unilateral vestibular hypofunction; UD, undifferentiated dizziness; CUS, catch-up saccade.




DISCUSSION

The International Classification of Vestibular Diseases of the Bárány Society classifies vestibular diseases into episodic, acute, and chronic vestibular syndromes. PPPD, BVP, UVH, PVP, psychogenic dizziness, chronic stage of stroke, and other peripheral and central diseases can cause chronic vestibular syndromes. Patients with chronic vestibular syndromes usually recover from acute symptoms and often lack distinguishable symptoms or findings on vestibular tests. Nonetheless, each chronic vestibular disease may have a different pathophysiology and should therefore be treated using different strategies (11–13). As the first step in the correct diagnosis of chronic vestibular diseases, information on disease distribution is important. As mentioned in the Results section, PPPD was the most frequent disease, followed by CDA, UVH, and UD. These four diagnoses accounted for 88% of the chronic vestibular syndromes. Although other chronic diseases, such as BVP and PVP, are of importance in clinical settings, it would be reasonable to target the four major diagnoses when building test batteries and diagnostic algorithms for screening chronic vestibular syndromes. Based on these disease distributions, six algorithms for diagnosing PPPD, UVH, and CDA were proposed (Figure 3).

The Kruskal–Wallis test for several items, such as age, HADS-A score, total HADS score, physical DHI score, functional DHI score, total DHI score, upright posture/walking NPQ score, movement NPQ score, visual stimulation NPQ score, total NPQ score, CP%, and percentage of directional preponderance, revealed significant differences among the disease groups (Table 1); however, the post-hoc Dann Bonferroni test demonstrated that only five factors were significantly different among them: visual stimulation and total scores of the NPQ, CP%, HADS-A score, and age (Figure 1). In addition, the presence of CUSs in the vHIT was useful for discriminating UVH from PPPD (Table 2). Based on these results, the visual stimulation and total scores of the NPQ, CP%/CUSs, HADS-A score, and age were selected as the test batteries for screening for the chronic vestibular syndromes. For screening purposes, the availability of each test in clinical settings is important: Four of the six selected items can be obtained using questionnaires and demographic data assessment. The remaining two items were the CP% and presence of CUSs in the vHIT. Although bithermal caloric tests are not necessarily available at all clinics, the vHIT (presence of CUSs), which is becoming an alternative for caloric tests, is currently widely performed in most outpatient clinics. Therefore, diagnostic algorithms created on the basis of these items would be suitable for screening purposes in clinical settings.

Central disorders, such as stroke, should be prioritized in emergent clinical settings when diagnosing acute vestibular syndromes. For this purpose, bedside inspection, namely HINTS, has been widely accepted as a screening tool in emergency outpatient departments (14). In contrast, there are no widely accepted algorithms for the screening of chronic vestibular syndromes. Recent publications on the diagnostic criteria for chronic vestibular syndromes, including PPPD, BVP, and PVP, have greatly improved the understanding and treatment of this group of syndromes. Nonetheless, a large number of vestibular tests and questionnaire surveys are routinely performed for patients with chronic vestibular disorders, most of which reveal no apparent abnormalities. From the viewpoint of cost effectiveness, it is ideal to extract useful screening items for diagnosing chronic vestibular syndromes and to establish a useful diagnostic algorithm.

Six algorithms for diagnosing chronic vestibular syndromes based on the abovementioned significant items with different orders were proposed (Figures 3A–C). Diagnosing PPPD, the most frequent disease, was prioritized in Algorithms 1 and 2 using the NPQ items first. In contrast, assessment of the CP% and presence of CUSs, which can discriminate UVH from the other diseases, was prioritized in Algorithms 3 and 4. Diagnosing CDA first was prioritized in Algorithms 5 and 6.

Because the final diagnostic accuracy for all diseases in Algorithms 1 and 2 (72.8 and 71.8%, respectively) was better than that in Algorithms 3 and 4 (57.3 and 35.0%, respectively) and Algorithms 5 and 6 (41.7 and 35.9%, respectively), Algorithms 1 and 2, which prioritize the diagnosis of the most frequent chronic vestibular syndrome (PPPD), may be the best tools for screening purposes. According to the diagnostic criteria of PPPD, it may co-exist with other diseases or disorders, and evidence of another active illness does not necessarily exclude a diagnosis of PPPD (2). Therefore, Algorithms 3–6, which diagnose possible comorbid diseases (UVH or CDA) first, may have the risk of missing PPPD. This point also suggests that Algorithms 1 and 2, which diagnose PPPD first, may be the most suitable screening algorithms for chronic vestibular syndromes. Given that the diagnostic algorithm could be proposed, it could be possibly expected to the machine learning/artificial intelligence in the future. However, overall accuracy of the Algorithm 1 was up to 72.8%, which is not still sufficient. Developing a tool for discriminating between PPPD and CDA may improve the diagnostic accuracy of the algorithms.

Although the accuracy for diagnosing PPPD and UVH was within the satisfactory levels (71.4–85.7%) in both Algorithms 1 and 2, the accuracy for diagnosing CDA was as low as 36.8–42.1% (Figure 3A). This is because 10 of the 19 patients with CDA were misdiagnosed with PPPD in Algorithms 1 and 2 (Figure 3A). While Algorithms 1 and 2 are recommended as screening tools for patients with chronic vestibular disorders, those with significant NPQ items in these algorithms should be carefully interviewed regarding the characteristics of their symptoms and exacerbating factors of PPPD to correctly diagnose this disease.

Patients with chronic vestibular syndromes sometimes have comorbid chronic and/or episodic syndromes which might potentially affect the performance of diagnostic algorithms. Regarding the comorbidity between chronic vestibular syndromes, there were four patients with PPPD/UVH and also four patients with PPPD/CDA. Similarly, there were six patients with PPPD/Meniere's disease, one patient with CDA/Meniere's disease, and one patient with UD/BPPV (data not shown). According to the diagnostic criteria (2), we diagnosed PPPD only when the core vestibular symptoms and exacerbating factors seen in the patient could not be explained by the comorbid disease such as UVH, CDA, and Meniere's disease. In other words, we did not diagnose PPPD if the core vestibular symptoms and exacerbating factors could be accounted for by the comorbid disease. Therefore, the comorbidity between PPPD and chronic/episodic syndromes did not affect the performance of the algorithms as long as diagnosing PPPD strictly based on the diagnostic criteria (2). Regarding the comorbidity between CDA/UD and episodic syndromes, we diagnosed CDA/UD based on the patients' chronic symptoms and any comorbid episodic symptoms did not affect the diagnosis of CDA/UD. Therefore, the comorbidity between the chronic and episodic syndromes did not affect the performance of the algorithm.


Limitations

PPPD, UVH, and CDA are not the only diseases that cause chronic vestibular syndromes. The proposed algorithm may be helpful but is not an absolute tool for diagnosing chronic vestibular syndromes. This study had a retrospective design, and prospective multicenter trials are necessary for validating the accuracy of the algorithm.



Conclusions

The items that are useful for differentiating between chronic vestibular diseases were identified: visual stimulation and total scores of the NPQ, CP% and presence of CUSs in the vHIT, HADS-A score, and age. We proposed a diagnostic algorithm for chronic vestibular diseases using these items, which showed an overall accuracy of 72.8%. Although the final diagnosis must be based on the diagnostic criteria, this algorithm may be helpful for screening purposes.




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 Niigata University Hospital (No. 2020-0445). Written informed consent from the participants' legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

MK and YM conceived the study, collected and analyzed the data, and wrote the manuscript. AH and IK directed the project. CY, KT, SO, TY, and SI collected the data. All authors participated in the data discussion. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by Grants-in-Aid for Scientific Research (B) (PI: AH) and (C) (PI: CY and SO) from the Ministry of Education, Culture, Sports, Science and Technology of Japan, and Japan Agency for Medical Research and Development (AMED, PI: IK).



ACKNOWLEDGMENTS

We would like to thank Editage (www.editage.com) for English language editing.



REFERENCES

 1. Bisdorff AR, Staab JP, Newman-Toker DE. Overview of the international classification of vestibular disorders. Neurol Clin. (2015) 33:541–55. doi: 10.1016/j.ncl.2015.04.010

 2. Staab JP, Eckhardt-Henn A, Horii A, Jacob R, Strupp M, Brandt T, et al. Diagnostic criteria for persistent postural-perceptual dizziness (PPPD): consensus document of the committee. J Vestib Res. (2017) 27:191–208. doi: 10.3233/VES-170622

 3. Strupp M, Kim JS, Murofushi T, Straumann D, Jen JC, Rosengren SM, et al. Bilateral vestibulopathy: diagnostic criteria consensus document of the Classification Committee of the Bárány Society. J Vestib Res. (2017) 27:177–89. doi: 10.3233/VES-170619

 4. Agrawala Y, Bergb RV, Wuytsc F, Waither L, Magnusson M, Oh E, et al. Presbyvestibulopathy: diagnostic criteria consensus document of the Classification Committee of the Barany Society. J Vestib Res. (2019) 29:161–70. doi: 10.3233/VES-190672

 5. Starkov D, Strupp M, Pleshkov M, Kingma H, van de Berg R. Diagnosing vestibular hypofunction: an update. J Neurol. (2021) 268:377–85. doi: 10.1007/s00415-020-10139-4

 6. Jongkees LB, Maas JP, Philipszoon AJ. Clinical nystamography; a detailed study of electro-nystamography in 341 patients with vertigo. Pract Otorhinolaryngol. (1962) 24:65–93.

 7. Goto F, Tsutsumi T, Ogawa K. The Japanese version of the dizziness handicap inventory as an index of treatment success; exploratory factor analysis. Acta Otolaryngol. (2011) 131:817–5. doi: 10.3109/00016489.2011.565423

 8. Jacobson GP, Newman CW. The development of the dizziness handicap inventory. Arch Otolaryngol Head Neck Surg. (1990) 116:424–7. doi: 10.1001/archotol.1990.01870040046011

 9. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand. (1983) 67:361–70. doi: 10.1111/j.1600-0447.1983.tb09716.x

 10. Yagi C, Morita Y, Kitazawa M, Nonomura Y, Yamagishi T, Ohshima S, et al. A validated questionnaire to assess the severity of persistent postural-perceptual dizziness (PPPD): the Niigata PPPD questionnaire (NPQ). Otol Neurotol. (2019) 40:e747–52. doi: 10.1097/MAO.0000000000002325

 11. Popkirov S, Stone J, Holle-Lee D. Treatment of persistent postural-perceptual dizziness (PPPD) and related disorders. Curr Treat Options Neurol. (2018) 20:50. doi: 10.1007/s11940-018-0535-0

 12. Nada EH, Ibraheem OA, Hassaan MR. Vestibular rehabilitation therapy outcomes in patients with persistent postural-perceptual dizziness. Ann Otol Rhinol Laryngol. (2019) 128:323–9. doi: 10.1177/0003489418823017

 13. Axer H, Finn S, Wassermann A, Guntinas-Lichius O, Klingner CM, Witte OW. Multimodal treatment of persistent postural-perceptual dizziness. Brain Behav. (2020) 10:e01864. doi: 10.1002/brb3.1864

 14. Kattah JC, Talkad AV, Wang DZ, Hsieh YH, Newman-Toker DE. HINTS to diagnose stroke in the acute vestibular syndrome: three-step bedside oculomotor examination more sensitive than early MRI diffusion-weighted imaging. Stroke. (2009) 40:3504–10. doi: 10.1161/STROKEAHA.109.551234

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.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Kitazawa, Morita, Yagi, Takahashi, Ohshima, Yamagishi, Izumi, Koizuka and Horii. 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/fneur-12-768718-t002.jpg
Variables

V-HIT (better)
VAHIT (worse)

V-HIT (asymmetry ratio, %)
VAHIT gain <0.6

Catch up saccade (+)

PPPD (n = 56)
Mean + SD

098+ 1.63

0.82:£0.19

9.83 £ 10.27
7(12.5%)
1(1.8%)

UVH (n = 6)
Mean + SD

089036
067 031
14.44 £ 11.09
2(33.3%)
3(50%)

p-value

0.898
0.276
0.276
0.206
0.002





OPS/images/fneur-12-768718-g003.gif
Agorthm 1 [ e s

gorthm 2 [ e | /*

Aigorthm 3 [z

Aigorthm 4 [c7iz55]

¢

Aigorthm s [rzisa |

rrad

Aigorthm

vt sccusey xcepor U
[l

e sccuse excetor U0
[ty

: preeety
Pr———

i
H

ESLE

55338 S5 8

EELE

-
i

I
ol

¥
i






OPS/images/fneur-12-768718-t001.jpg
Variables

Age (y.0)
HADS

DHI

NPQ

Caloric test

CVEMP

OVEMP

Posturography

Rotatory chair test

Anxiety
Depression
Total
Physical
Emotional
Functional
Total
Upright
posture/walking
Movement
Visual
stimulation
Total
CP (%)

DP (%)
Asymmetry ratio
(%)

Asymmetry ratio
(%)

Foam ratio
Romberg ratio on

foam
VOR-DP (%)

PPPD
Mean % SD

483+ 152
918+ 4.70
(=87
8.31+4.18
(=87
17.49:£7.98
(=87
15.75 £ 600
(=87
19.36 + 8.22
(=87
19.26 £ 950
(=87
54.37 + 2080
n=87)
11.86£5.78
=77
1294 +4.84
=17
13.05 £ 5.21
=17
37.70 £ 1351
=77
20.17 + 19.59
(=83
1520 & 14.55
(=183
552 + 33.87
(=289
~1.30 £3192
(=91
205+ 0,61
(n=185)
1.85+0.59
(n=85)
385+17.79
(=87

The bold values represents the statistically significant differences.

CDA
Mean £ SD

4244189
11.15 £ 5.89
(n=34)
8.88+3.12
(=34)
192 46,61
(=34
1229+ 6.79
(n=34)
17.208.75
(=34
17.94 + 931
(=34
44,82 +2156
(=34
10.05 + 6.89
(n=20)
10.95 + 6.06
(n=20)
9.90 £ 694
(n=20)
30,90 % 18.00
(n=20)
16.57 + 22.82
(=34
10.17 +11.98
(n=34)
1056 + 34.44
(=143
-4.1342538
(n=143)
1.95 % 0.53
(n=235)
1.82 £ 0.55
(n=35)
—1.69 % 1585
(n=41)

UVH
Mean + SD

635+ 13.3
6.04+3.85
(=25
7.76 £3.98
(=25
13.80 £7.26
(=25
12.08 £ 5697
(n=26)
14.85 + 6.48
(n=26)
14.08 £ 8.49
(n=26)
41.00 + 17.29
(=26
743511
(=15
7.40 £4.12
(=15
527 +4.08
(n=15)
19.80 £9.95
(=15
51.81 3238
(=29
17.98 £14.54
(=23
20.69 + 38.70
(n=24)
—1.27 4420
(n=24)
240+1.29
(=23
200 +0.64
(n=29)
1,66+ 25.75
(=28

ub
Mean + SD

602 19.7
619+ 8,53
(=28
675364
(=28
13.04 £ 599
(=28
10.00 £ 5.42
(=28
14.43£8.19
(=28
11.64 + 896
(=28
36,07 £ 19.76
(=28
9.07 + 5,69
(h=15)
898+ 5.43
(=15
620+ 478
(n=15)
24.20 £ 14.90
(n=15)
14.94 £ 16.25
(n=230)
1553 + 1153
(n=230)
1.62 + 46.80
(h=28)
-5.12.+38.37
(=28
2184064
(n=230)
25143.40
(n=30)
~050 + 14,07
(n=36)

p-value

<0.001

<0.001

0.073

0.001

0.001

0.091

0.029

0.007

0.02

0.002

<0.001

<0.001

<0.001

0.004

0.464

0.596

0.264

0.226

0.394





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Test Batteries and the Diagnostic Algorithm for Chronic Vestibular Syndromes



		Introduction



		Materials and Methods



		Patients



		Diagnosis



		Caloric Test



		VEMP



		Rotatory Chair Test



		Posturography



		DHI



		HADS



		NPQ



		Test Batteries and Diagnostic Algorithms



		Statistics







		Results



		Discussion



		Limitations



		Conclusions







		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Test Batteries and the Diagnostic
Algorithm for Chronic Vestibular
Syndromes





OPS/images/fneur-12-768718-g001.gif
Hii
i






OPS/images/fneur-12-768718-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





