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Purpose: We analyze the impact of different factors on clinical performance and prognosis in vestibular neuritis (VN) and explore
indicators that could accurately reflect changes in patients’ symptoms at different stages.

Methods: We observed patients with VN during the acute and recovery phases. Clinical symptoms, vertigo-related scales, neurolo-
gical examination, vestibular function tests (caloric test, video head impulse test (VHIT), vestibular evoked myogenic potential
(VEMP)), and the history of disease (underlying diseases, glucocorticoid therapy) were recorded at onset and at 4 and 12 weeks
after onset in VN patients. Multiple linear regression analysis was used to identify vestibular function tests that had a linear regression
relationship with the subjective quantitative results.

Results: At 4 weeks after onset, the group without underlying disease had better improvement in EEV, gain, and UW than the group
with underlying disease (P < 0.05). There was a significant difference in the change in DHI, EEV, gain of the affected horizontal
semicircular canal in the vHIT and unilateral weakness (UW) between the glucocorticoid treatment group and the no glucocorticoid
treatment group (P < 0.05), and glucocorticoid treatment group was better. The change value in the gain of horizontal canals in the
vHIT was mainly positively and linearly correlated with the EEV scores (P<0.001). Possible dynamic correlation between VHIT results
and vestibular symptoms.

Conclusion: The absence of underlying disease and the receipt of glucocorticoid therapy significantly contributed to the improvement
of objective vestibular function tests in the short term, while the improvement of subjective vertigo may correlate with the different
objective measures and questionnaire. We believe that the improvement of the affected horizontal semicircular canal gain value in the
VHIT can be used as a reference indicator of the degree of improvement of vestibular symptoms with superior vestibular neuritis.
Keywords: vestibular neuritis, video head impulse test, vertigo symptoms, caloric test, Dizziness Handicap Inventory and European
Evaluation of Vertigo Scale

Introduction
Vestibular neuritis (VN) is a representative disease of acute peripheral vertigo syndrome. The latest consensus document
of the Barany Society Committee on Classification of Vestibular Disorders has included acute unilateral vestibular
disecase (AUVP) as a synonym for VN and recommended its use. The clinical characteristics mainly include acute onset.
Some patients may have a history of preinfection 1-2 weeks before the vertigo attack, accompanied by nausea, vomiting,
vibratory hallucinations and a sense of tipping to one side, and vertigo symptoms often last from a few hours to a few
days. The main clinical sign of VN is a spontaneous peripheral vestibular nystagmus with a relatively constant direction,
enhanced by the removal of fixation, whose trajectory corresponds to the semicircular afferents on the involved pathway
(usually horizontal with torsion).'

Ongoing dizziness, nystagmus, nausea/vomiting, head motion intolerance or poor balance, collectively termed
acute vestibular syndrome (AVS).? This includes both central nervous and peripheral vestibular disorders, such as
posterior circulation strokes and vestibular neuritis. There is a very strong advantage of HINTS (normal/clinical
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horizontal head impulse, gaze-direction nystagmus or skew deviation) as a means of differentiating between posterior
circulation stroke and peripheral vestibular disease, especially in emergency patients who are in the negative imaging
window phase and have atypical symptoms.>* Recently, with the in-depth study of caloric test, VEMPs, and VHIT in
multiple vestibular dysfunction disorders, the treatment of patients with VN has gradually become systematic and
comprehensive. VHIT and caloric test are both tests to evaluate the vestibulo-ocular reflex (VOR), but no correlation
was found between them. This is because they assess the VOR at different frequencies (VHIT:2-5Hz; caloric
test:0.003Hz), and there may be a complementary relationship between them.’ Current studies have shown that
vHIT is significantly better than the traditional clinical head impulse test (cHIT) combined with the torsional deflection
test, which can effectively reduce the misdiagnosis rate of peripheral vertigo disease and avoid delaying the diagnosis
and treatment of diseases such as stroke.’ Several papers have also suggested that caloric test is an effective
complementary test to a normal vHIT result when considering someone with VN and other vestibular diseases, also
considering their different sensitivity and specificity values.””®* VEMP is also very valuable for VN, especially to
distinguish superior vestibular neuritis/inferior vestibular neuritis, or combined damage. Superior vestibular nerve
damage is more common, but studies of recovery period is not sufficient.””'' However, there are few studies on the
dynamic changes of the above mentioned tests during the recovery period of VNs. In particular, there is a lack of clear
conclusions about the relationship between these vestibular function tests and clinical subjective vertigo symptoms
during the course of VN.

In addition to common symptomatic treatments such as rest, antiemesis and fluid rehydration, the most common and
effective treatments for VN patients include glucocorticoid therapy and vestibular rehabilitation exercise. Early studies
considered that VN patients were infected with some kind of virus caused and linked to secondary immune response, but
antiviral treatment did not benefit patients, while short-term glucocorticoid therapy may effectively improve the nerve with
swelling, entrapment and other conditions (similar to acute idiopathic peripheral facial palsy) to improve the symptoms of
patients.'> ' Since then, there has been much debate about the effectiveness of glucocorticoid therapy, including long-term
benefits, short-term recovery in symptoms, and improvement in auxiliary test results.'>”

Therefore, we aimed to determine the dynamic effects of different factors on subjective vertigo symptoms and
objective ancillary (VHIT, caloric test, and VEMP) findings in VN patients and to clarify the correlation between the
results of quantity measures of symptomatology and indices of vestibular function tests.

Materials and Methods

Patients

The study was approved by the ethics committee of Shanxi Bethune Hospital of Shanxi Medical University. Patients with
VN diagnosed and admitted to the Department of Neurology of the Third Affiliated Hospital of Shanxi Medical
University from January 2021 to November 2022 were enrolled. Inclusion and exclusion criteria: 1. meeting the
diagnostic criteria of vestibular neuritis:'® 1) acute or subacute onset of spontaneous vertigo lasting at least 24 hr or
with nausea or vomiting; 2) spontaneous nystagmus (SPN), horizontal or horizontal with torsion, toward the healthy
side; 3) new onset of gait or postural imbalance; 4) exclusion of hearing impairment (Pure tone audiometric testing); 5)
absence of signs and symptoms of neurological deficit; 6) normal (eg, age-related changes) or nonspecific abnormalities
on magnetic resonance imaging (MRI) and diffusion-weighted imaging (within 1-10 days of onset); and 7) at least 1
week of follow-up. The final diagnosis was determined by two or more neurologists with 5 years of experience in
practice. Treatment must be initiated within 7 days of symptom onset. Voluntarily cooperate with all questionnaires,
physical examinations, including HINTS test, vestibular function tests, and MRI examinations. Written informed consent
was obtained from the patient or family.

Assessment of Vertigo-Related Scales

The Chinese version of the Dizziness Handicap Inventory (DHI) is a very widely validated and used symptom-based
assessment scale.'” It provides a global assessment of the patient’s subjective vertigo symptoms and the decrease in
quality of life due to vertigo.zo
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The European Evaluation of Vertigo scale (EEV), in Chinese, is a physician-administered scale that assesses only the
symptoms caused by vestibular dysfunction in five aspects: motor illusion, duration of illusion, motor intolerance,
neurovegetative signs, and instability.?'

Vestibular Function Tests

Caloric test: Videonystagmography and binaural air caloric tests (cold and hot water vapors) of the Vestibular
Examination Unit (VO425, Denmark) were used to measure the maximum slow-phase velocity (SPV) on the horizontal
or vertical vectors of the SPN. The recorded nystagmus time was no less than 30s, and the recording frequency was 174
frames. The system was calibrated before each examination. The unilateral weakness (UW) was calculated according to
the Jongkees22 formula. Grade: UW 50% was severely abnormal, UW from 25% to 50% was intermediate abnormal, and
UW < 25% was normal. SPV normal range:12-140°/s, Cold stimulation:5-30°/s, hot stimulation:20—140°/s. The caloric
test can only examine the functioning of the horizontal canals and superior parts of the vestibular nerve. If only inferior
neuritis is abnormal, the caloric testing will present normal results.

vHIT: The vestibular examination unit (EyeSeeCam, Denmark) was used for testing. The patient wore the eyepiece
and sat with the head tilted forward 30°. The person being examined is required to stare at 1.5 m ahead as a target, and
give the passive, fast, low, random direction (cannot be predicted) impulse movement 20 times (dynamic angular
acceleration test head 200°/s, by 10~20°) in horizontal semicircular canal and vertical semicircular canal plane.
Recording patients’ eye movement curve and head movement curve by frequency 220 frames/points. The system was
calibrated before each examination. Gain value=peak velocity of eye movement curve/peak velocity of head movement
curve. The mean gain value after 20 effective swings was used as the final result. The gain value of the horizontal
semicircular canal was measured in the normal range of 0.8—1.1, and the gain value of the vertical semicircular canal was
measured in the normal range of 0.7-1.0. Gain asymmetry ratio = (healthy side gain-damage side gain)/(healthy side gain
+ damage side gain) x100%. Gain asymmetry ratio of 15% was considered abnormal, suggesting an asymmetry of
bilateral vestibular function.

Pure tone audiometric testing: It is performed by presenting a pure tone to the ear through an earphone and measuring
the lowest intensity in decibels (dB) at which this tone is perceived 50% of the time. This measurement is called
threshold. The testing procedure is repeated at specific frequencies from 250 to 8000 hertz (Hz, or cycles per second) for
each ear, and the thresholds are recorded on a graph called an audiogram. Bone conduction testing is done by placing an
oscillator on the mastoid process and measuring thresholds at the same frequencies. Masking noise is sometimes used in
the nontest ear to prevent its participation in the test.

VEMP: Cervical vestibular evoked myogenic potentials (c(VEMP) and ocular vestibular evoked myogenic potentials
(0VEMP) were recorded using Eclipse (Interacoustics, Denmark). cVEMP: The examinee was asked to lie on his back on
a hard bed surface, lift his head approximately 30° away from the bed surface, and turn his head to the opposite side and
lower his head so that the mandibular angle was close to the medial end of the ipsilateral clavicle. The recording
electrode was attached to the middle of the sternocleidomastoid muscle near the examinee side, the reference electrode
was attached to the upper sternum, and the ground electrode was attached to the middle of the forehead. oVEMP: The
patient was asked to lie supine, and the recording electrode was placed 1 cm below the center of the contralateral lower
eyelid of the examined ear. The reference electrode was attached 2 cm below the recording electrode, and the ground
electrode was attached above the middle of the forehead. During the recording of ocular muscle potential, the patient was
instructed to stare upward at the fixed target at approximately 30° with the horizontal plane as a reference (marked at
approximately 0.5 m from the eye). The cVEMP anatomic parts, posterior semicircular canal - balloon sac - inferior
vestibular nerve - vestibular nucleus - spinal oculomotor nucleus - sternocleidomastoid muscle; oVEMPanatomic parts,
anterior semicircular canal and horizontal semicircular canal - oval sac - superior vestibular nerve - vestibular nucleus -
medial longitudinal tract - oculomotor nucleus - external inferior oblique muscle.'”

Click pure tone of 0.1 ms at a rate of 5.1/s at an intensity of 100 dB nHL were presented to the ipsilateral ear by air
conduction insert ear phones, with 200 stimuli at 500 Hz and —20-80ms milliseconds recording time. The rise and fall time
was 2ms. The first negative wave appearing in the recorded waveform is N1, and the first positive wave is P1. N1-P1 can
represent the amplitude of this side. For convenience of statistical comparison, the asymmetric ratio (AR) of oVEMP and
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cVEMP amplitudes is used as an observation index. AR=((healthy side amplitude — affected side amplitude)/(healthy side
amplitude + affected side amplitude) x100%. If AR>30%, it is determined that the VEMP on this side is abnormal.>®

Patient Follow-Up
The included group of underlying diseases including hypertension, coronary artery disease, diabetes mellitus, renal
insufficiency, and other common diseases with multisystem involvement.

Vestibular rehabilitation was started when VN patients could tolerate bed exercise (within 1 week after onset).
Patients were instructed to rotate and move their head up and down while keeping their eyes anchored on a static target.
After becoming familiar with the exercise, patients were instructed to perform the same head movement while keeping
their eyes anchored on the same target moving in the opposite direction. They were also instructed on exercises to
improve posture and gait, which were started after the VOR exercises. All exercises were performed three times a day for
5 to 10 min each time.

After the informed consent of the patient himself or his family members, the clinician gave 40-80 mg of methyl-
prednisolone (intravenous drip), stopped after 3—5 days and recorded. This is largely influenced by the clinical experience
of the supervising physician and the speed with which the patient recovers from symptoms. Patients using glucocorti-
coids must also take adjuvant drugs such as proton pump inhibitors and calcium agents to avoid complications. All
dosage sizes and cycles used are in accordance with expert consensus.'®

Independent standing time was defined as the time period from the patient’s constant bed rest at the onset to the first
independent standing, and the standing time was no less than 3 min.

This study is a prospective observational study. The first information collection was performed within 3 days of the onset
of vertigo symptoms. Symptomatological changes, physical examination, necessary vestibular function tests and persistence
time of vestibular rehabilitation were also recorded at the patients’ follow-up at 4 and 12 weeks after disease onset.

Statistical Analysis

Statistical analysis was performed using SPSS 26.0 (SPSS, Inc., Chicago, IL). All of the data were tested for normality
test (Shapiro-wilk test, SW). In addition to SPV, the other data are in normal distribution. SPV is presented as median
(25th percentile, 75th percentile). The measurement data were expressed as the mean + standard deviation (M£SD) and
compared by ¢ test, one-way analysis of variance (ANOVA), or Kruskal-Wallis test. The change values of DHI score
(ADHI), EEV score (AEEV), horizontal SPV of SPN (ASPV), gain of affected side horizontal semicircular canal in vHIT
(AGain), and UW in caloric test (AUW) of VN patients at 4 weeks and 12 weeks after onset were each combined into 5
groups of data and corresponded to each of them according to the basic patient information to establish a database.
A corrected chi-square test or Fisher test was selected between the group variables, such as the rate of combined
underlying disease and preinfection by sex group and the rate of glucocorticoid use by combined underlying disease
group. The Spearman test is used for the correlation analyses. Multiple linear regression analysis (stepwise regression
analysis) was used to identify the vestibular function tests that had a linear regression relationship with the subjective
quantitative results. All tests were two-tailed, and P < 0.05, p<0.01 were considered statistically significant.

Results

General Comparison

The mean age of the 41 patients was 42.39 + 14.42, ranging from 15 to 79 years old. These included 17 males (41.46%) with
a mean age of 40.9 and 24 females (58.54%) with a mean age of 43.5. Thirty patients received glucocorticoids, and 11 had no
clear contraindications but refused such treatment. Age, prevalence of hypertension and diabetes, SPN direction, history of
preinfection, the rate of glucocorticoid used, and independent standing time were not found to be significantly different
between the two groups by sex (P>0.05). At the first visit of VN patients, eight patients had posterior semicircular canal gain
reduction, of which 3 (37.5%) had a vertical upward vector in the SPN, and the composition ratio was not statistically
significantly different (2 = 1.23, P > 0.05) compared with the group of 33 patients without posterior semicircular canal
involvement (22 patients (66.7%) with a vertical vector in the SPN). Based on the results of vHIT, caloric test and VEMP, we
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concluded that all 41 patients had superior vestibular nerve damage (all had horizontal gain of VHIT reduction and UW over
25%). There were no VN patients presenting with SPN downwards vector alone. Three of the eight cases with posterior
semicircular canal gain reduction had horizontal and upward vector of SPN. In contrast, only horizontal vector in SPN was
present in the other five cases beside eight cases with posterior semicircular canal gain reduction. In two of these five cases,
both oVEMP and cVEMP were abnormal. Therefore, we concluded that there were two cases of superior vestibular neuritis
combined with inferior vestibular neuritis and no simple inferior vestibular neuritis in 41 patients.

Because SPV data of SPN did not fit the normal distribution, the non-parametric test (Kolmogorov Smirnov test) was
chosen, and the SPV of VN patients at onset (12.5(8.7,17.5)), after 4 weeks (2.7(0.5,3.4)), and 12 weeks (0.5(0.1,1.1)) later
and gradually decreased. DHI and EEV score, horizontal SPV of SPN, gain of affected side horizontal semicircular canal in
VvHIT, asymmetric ratio of oVEMP, and UW in caloric test was significantly improved after 4 and 12 weeks (Table 1). In
particular, the improvement was higher in the first 4 weeks. As we known, the pathologic rates of oVEMP depend on the
nerve involvement in VN and the lower positive rate of VEMPs in our study is different from previous studies.''** At the
time of onset, only 10 of the 41 patients (24.39%) with VN had abnormal appearance of oVEMP, which was mainly
characterized by AR and no significant prolongation of latency, including 2 cases of combined cVEMP examination
abnormality, with the vast majority returning to within the normal range at 4 weeks. Dynamic changes of typical caloric test

(Figure S1-3), vHIT (Figure S4-7), and oVEMP (Figure S8-11), in patients with VN are shown in the Supplementary.

Prognostic Analysis

Grouping by preinfection, independent standing time longer than 3 days and performing vestibular rehabilitation exercises as
seen in Table 2, there was no significant difference in DHI and EEV scale scores, UW and gain values in vHIT between the two
groups at each time point (P > 0.05). Statistical analysis of glucocorticoid therapy was performed based on the absolute value
of the difference in the above mentioned variables from those at onset. Grouping by underlying diseases or glucocorticoid
therapy, a significant difference was observed between the groups after 12 weeks of follow-up in all characteristics (P < 0.05).
The absence of underlying disease and receiving glucocorticoid therapy can significantly promote the recovery of vertigo
symptoms and objective vestibular function tests for VN patients in 4 weeks (Table 3 and Table 4). At 12 weeks, UW and Gain
showed no significant difference between the two groups except on the DHI or EEV scales (P < 0.05). There was a statistically
significant difference in age between the no underlying disease group and the underlying disease group (p<0.01), the
underlying disease group was older but not in glucocorticoid therapy (y2 = 1.41, P > 0.05). The composition of patients in
the included underlying disease group included three cases of hypertension, four cases of combined diabetes mellitus, and one
case of combined renal insufficiency.

Correlation Analysis

Table 5 shows the Spearman correlation coefficients between ADHI with AEEV, AGain, ASPV and AUW. ADHI was
most strongly correlated with EEV (1=0.9, p<0.001). Gain was most strongly positive correlated with AEEV (R=0.678,
p<0.001) and was significantly correlated with ADHI (R=0.643, p<0.01).

Table | Dynamic changes in indices of vestibular function in patients with vestibular neuritis at the onset of the
disease and at 4 and 12 weeks after its onset

Characteristics One-Way Analysis of Variance (ANOVA) | Time After Onset in VN Patients(MtSD) | Pvalue
0 Week 4 Week 12 Week
DHI 91.21+£5.76 52.20+10.07 | 21.88+10.02 | <0.00I
EEV 19.22+0.91 10.25+2.04 3.62%1.40 <0.001
UW(%) 70.78+20.84 | 28.49+8.53% 18.49+4.41 <0.001
Gain of Horizontal semicircular canal 0.39+0.11 0.660.16 0.87+0.11 <0.001
oVEMP-AR(%) 20.55+18.48 16.15+14.85 NA <0.01
cVEMP-AR(%) 19.35+11.50 8.80+0.21 NA <0.01

Notes: P<0.05, P<0.01, P<0.001 all were considered to be statistically significant.

Abbreviations: DHI, The Chinese version of the Dizziness Handicap Inventory; EEV, The European Evaluation of Vertigo scale; UWV, unilateral

weakness; oVEMP, ocular vestibular evoked myogenic potentials; AR, asymmetric ratio; M, mean; SD, standard deviation.
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Table 2 Influence of vestibular rehabilitation, history of preinfection, and independent standing time on indicators

in patients with vestibular neuritis

Characteristics Case DHI EEV Gain uw DHI EEV Gain uw
Number (12Week) (12Week) (12Week) (12Week) (4Week) (4Week) (4Week) (4Week)

Vestibular rehabilitation

Progress 20 17.2248.85 2.44%1.72 0.87+0.10 18.00+4.41 49.70+10.05 8.80+2.12 0.67+0.14 28.49+8.53

No 21 17.59+8.91 2.48+1.75 0.8610.11 17.79+4.33 49.59+10.61 9.87+2.15 0.6610.14 28.49+8.66

t 2.150 1.421 0.454 0.803 1.150 2.104 0.339 0.681

p 0.069 0.186 0.659 0.442 0.251 0.079 0.711 0.568

Preinfection

Exist 13 14.15+5.86 1.77+1.42 0.88+0.06 16.85+3.63 45.08+10.02 8.92+2.14 0.6610.12 26.6918.76

No 28 18.6419.71 2.751.77 0.8610.13 18.5414.69 51.07+10.53 10.21£2.02 0.67+0.14 29.3148.44

t 1.536 1.744 1.031 1.146 1.72 1.867 0.85 0917

p 0.133 0.089 0.428 0.259 0.093 0.069 0.933 0.365

Independent standing time

Than 3 days 15 20.08+10.44 2.93+1.94 0.81+0.13 18.80+4.65 50.13£10.15 10.33+2.19 0.6410.16 31.247.06

Under 3 days 26 15.15+£7.23 2.48+1.54 0.89+0.13 17.53+4.29 48.6111.05 9.50+2.06 0.68+0.12 26.9249.02

t 1.854 1.417 2.050 0.880 0.436 1.217 1.043 1.575

p 0.77 0.165 0.054 0.384 0.665 0.231 0.303 0.123

Notes: Gain, gain of Horizontal semicircular canal in damage side. Progress, vestibular rehabilitation exercises time more than 4 weeks. P<0.05 was considered to be statistically significant.

Abbreviations: DHI, The Chinese version of the Dizziness Handicap Inventory; EEV, The European Evaluation of Vertigo scale; UW, unilateral weakness.
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Table 3 Influence of comorbid underlying diseases on indicators in patients with vestibular neuritis

Characteristics 0 Week 4 Week 12 Week
Underlying Without Underlying Without Underlying Without
Disease Underlying Disease Underlying Disease Underlying
Disease Disease Disease
DHI 90.25+7.59 90.97+5.64 55.75+9.35 47.58+10.43 23.00+8.07" 15.82+8.56"
EEV 19.75+0.46 19.03+£0.98 11.25+].98* 9.45+2.03* 3.25+1.83 2.24+1.66
UW (%) 0.355+0.09 0.40+0.12 0.58+0.13* 0.69+0.13* 0.83+1.33 0.87+0.10
Gain of Horizontal 74.00+23.57 70.00+20.46 34.25+8.75* 27.09+7.99* 18.63+4.31 17.84+4.49
semicircular canal(x100)

Notes: Underlying disease, group with underlying disease; without underlying disease, group without underlying disease. *, *P<0.05. All characteristics are absolute values

from measurements.
Abbreviations: DHI, The Chinese version of the Dizziness Handicap Inventory; EEV, The European Evaluation of Vertigo scale; UW, unilateral weakness.

Table 4 The influence of the use of glucocorticoids on the indicators of patients with vestibular neuritis

Characteristics 0 Week 4 Week 12 Week

Glucocorticoid Without Glucocorticoid Without Glucocorticoid Without

Therapy Glucocorticoid Therapy Glucocorticoid Therapy Glucocorticoid
Therapy Therapy Therapy

ADHI 91.00+£5.50 90.36+7.37 44.0719.10%* 35.10£7.01%* 75.20£10.03 69.27+9.31
AEEV 19.27+0.78 18.91+1.30 9.97+1.92%F 7.7241.27% 17.20%1.6 1% 15.45%1.37%%
AUW(%) 0.38+0.10 0.42+0.13 0.30£0.11* 0.2140.85*% 0.4940.12 0.44£0.11
AGain of Horizontal 73.27+21.38 64.00+18.56 45.80+17.94* 32.73+14.43% 55.73%19.42 44.73£16.86
semicircular canal(*100)

Notes: Glucocorticoid therapy, group with glucocorticoid therapy; without glucocorticoid therapy, group without glucocorticoid therapy;A, difference value from 0 week’s
characteristics value measured, but 0 week. *, #P<0.05; ** ##p<0.01.
Abbreviations: DHI, The Chinese version of the Dizziness Handicap Inventory; EEV, The European Evaluation of Vertigo scale; UW, unilateral weakness.

Table 5 Correlation analysis between the main observables in patients with vestibular neuritis

Spearman ADHI AEEV AGain AUW ASPV

ADHI | Correlation coefficient 1.000 0.900%* 0.643** 0.251* —0.047
p value 0.000 0.000 0.023 0.678

AEEV | Correlation coefficient 0.900%* 1.000 0.678%* 0.269* —0.052
b value 0.000 0.000 0.015 0.640

AGain | Correlation coefficient 0.643** 0.678** 1.000 0.347** 0.040
b value 0.000 0.000 0.001 0.719

AUW | Correlation coefficient 0.251* 0.269* 0.347** 1.000 0.066
b value 0.023 0.015 0.001 0.553

ASPV | Correlation coefficient —0.047 —0.052 0.040 0.066 1.000
p value 0.678 0.640 0.719 0.553

Notes: SPV, SPV on the horizontal of the SPN; A, difference value from 0 week; *P<0.05; **P<0.01.
Abbreviations: DHI, The Chinese version of the Dizziness Handicap Inventory; EEV, The European Evaluation of Vertigo scale;
Gain, gain value of affected horizontal semicircular canal; UW, unilateral weakness.

Table 6 shows the results of a stepwise regression analysis for investigating Gain. The results revealed that AEEV and
AUW were significant and independent determinants, and the following estimation formula was created: AGain=0.023 x
AEEV + 0.02 x AUW — 0.03. The coefficient was R?=0.507 (p<0.01). In addition, the regression coefficients in the
results of the regression analysis with EEV as the dependent variable are the same as the regression coefficients in Model

1 in the regression analysis with Gain as the dependent variable (R=0.473, p<0.01).
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Table 6 Multiple linear regression regression analysis of the change values of total scores of DHI scale and EEV scale using stepwise
regression method

Dependent Variables: AGain Partial Standard Atandard Partial t value | p value | VIF
Regression Error Regression
Coefficient (B) Coefficient (p)

Model | R?=0.473 Gender 0.044 0.041 1.067 0.289

AEEV 0.025 0.003 0.688 8.470 0.000 1.000
Model 2 R?=0.507 Gender —0.003 0.045 —0.071 0.943

AEEV 0.023 0.003 0.632 7.669 0.000 1.089

AUW 0.002 0.001 0.194 2.357 0.021 1.089

Notes: P<0.05, P<0.001 all were considered to be statistically significant.
Abbreviations: EEV, The European Evaluation of Vertigo scale;Gain, gain value of affected horizontal semicircular canal; UW, unilateral weakness; R, Coefficient of
determination; VIF, variance inflation factor.

Discussion

Clinical symptoms such as severe vertigo symptoms and abnormal vestibular function test results always improve
gradually over time in most VN patients, but the speed of recovery of signs and vestibular function test abnormalities
show significant differences between different signs and vestibular function test abnormalities.>> This corresponds well
with the results of our clinical observation group and with the dynamic observations of individual vestibular examination
follow-up in our (Supplementary Figure 1-11). Based on our results, poorer recovery of vertigo symptoms and objective

vestibular function tests were observed in the combined underlying disease group for VN patients at 4 weeks. However,
our study was limited to common underlying diseases such as hypertension, diabetes and renal insufficiency, and was
a single-center study, so the conclusions were not very accurate. There was a significant difference in age between the
two groups above, combined underlying disease group being older. At 12 weeks post-onset, only the DHI scale, which
measures vertigo-related quality of life and residual symptoms, was worse than the group without underlying disease.
This is generally compatible with the results of past evidence.”*’ Age-related decline of vestibular function has been
shown to correlate with the age-related decrease in the number of vestibular hair cells and neurons. The mechanism of
age-related cellular loss in vestibular end organ is unclear, but it is thought that genetic predisposition and cumulative
effect of oxidative stress may both play an important role.”® In our study, the combined underlying disease group was
also elderly, and the effect of age on the study results was clear. Major contributing factors for vestibular impairment in
hypertension and diabetes are microangiopathic effects, such as ischemia of the vestibular microcirculation, alteration of
the metabolism of the inner ear fluid, and loss of type-I hair cells in the saccule.?’° They mainly cause vestibular nerve
signal transduction and vestibular organ structure changes. However, the evidence for their involvement in the etiology of
vestibular neuritis is not strong. However, in the follow-up of VN patients by Tao Yan et al, the elderly group with more
patients combined with underlying diseases recovered worse in DHI and UW. They suspected that the slow recovery of
elderly VN patients may be related to secondary psychiatric disorders such as anxiety and depression, as the Hamilton’s
Anxiety Scale and the Depression Scale were lowest in the adolescent group and the DHI score was significantly
correlated with the Hamilton Anxiety Scale score in the VN acute phase.”® Another study has also observed a significant
correlation between DHI and depression and anxiety scores, not only in the acute phase of VN, but among other
vestibular disorders.’’ More studies are needed to clarify the extent to which residual vestibular impairment and
secondary mental psychosocial factors affect these indicators in patients with VN in the acute and recovery phases. At
the same time, active interventions for possible anxiety and depression in the acute phase of VN are worth discussing.

After a statistical analysis with or without combined glucocorticoid therapy as a grouping condition, we found that the
glucocorticoid-treated group had an advantage over the no glucocorticoid-treated group in terms of improvement of
subjective vertigo symptoms and objective vestibular function tests in VN patients during the early recovery period (4
weeks). The improvement in UW abnormalities within 4 weeks was in general agreement with the results of the meta-
analysis by Fishman and Molnar.'>*? In another recent meta-analysis comparing VN patients who both received basic

treatment (stop dizziness, vomiting and other conventional treatment) at 4 weeks after onset, there was a statistically
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significant difference in the advantage of early single glucocorticoid therapy than single vestibular rehabilitation in terms
of improvement in UW abnormalities, while there was an advantage of vestibular rehabilitation in terms of improvement
in subjective vertigo symptoms such as DHI scale assessment, again significantly different.’> However, in our study,
patients with VN who adhered to vestibular rehabilitation for more than 4 or 8 weeks did not have a significant advantage
in all observed indicators. It has also been noted in the literature that regarding DHI scores, there was no significant
difference between glucocorticoid therapy combined with vestibular rehabilitation versus glucocorticoid therapy alone at
the 12-month follow-up.'® Therefore, we believe that there is a short-term benefit for VN patients after glucocorticoid
therapy in improving objective vestibular function tests such as UW abnormalities and reduced vHIT gain, while the
value of glucocorticoid therapy and vestibular rehabilitation for short-term clinical symptom improvement remains
controversial, and more evidence is urgently needed.

In analyzing the medium- to long-term (12 weeks) prognosis of patients with VN, our study found a benefit of
glucocorticoid therapy only in terms of improving vestibular symptoms (eg, EEV), and the results were not sufficiently

significant. As stated in numerous publications, there is still a lack of evidence that the use of glucocorticoids is effective

15,16,33-36 This 33,35,36

in improving long-term clinical outcomes. is the same in vestibular rehabilitation.

Most of the earlier literature confirmed that there is no clear linear relationship between either DHI values or ADHI
and UW, gain or asymmetry ratio within 1-3 months after onset in VN patients, and they do not seem to reflect patient-
specific subjective vertigo symptoms at a given moment in time.>’ >? Riska et al* also did not find a relationship with
DHI depending on the type of corrective saccade (dominant or recessive) grouping. Although in some recent VHIT

studies,'”*!

the authors considered that corrective saccades appear to be involved in visual retention and oculomotor
compensation during head rotation, there is no evidence that corrective saccades contribute to the recovery of subjective
vertigo symptoms in patients with VN. Furthermore, George et al** concluded that there was no clear correlation between
parameters such as corrective saccades and gain in VHIT and DHI.

In theory, the deficiency of dynamic vision in vestibular dysarthria is due to the illusion of instability caused by the mismatch
between the speed of eye movement and the speed of head movement during high-speed activities.** The gain of VHIT is a new
generation measurement method for measuring the relationship between eye movement speed and head movement speed for
evaluating VOR function quantitatively, and it is comparable to the gold standard technique (each coil recordings) in identifying
peripheral vestibular diseases.** We considered that there should be some relationship between the gain of vHIT and the vertigo

symptoms of patients. In the current literature,**¢

there is indeed a connection between gait abnormalities and vertigo
symptoms in some dizziness/vertigo patients. In this study, a significant linear regression was found between the value of the
change in the affected horizontal semicircular canal gain in the VHIT and the results of the EEV scale, which represents
vestibular symptoms and better reflects the degree of recovery of subjective vestibular symptoms. The DHI scale, which
includes the patient’s life disability, psychological characteristics, and overall assessment of vestibular symptoms, was less well
correlated. This suggests that when we find a patient recovered on VHIT but still show poor improvement on subjective vertigo
and dizziness, this is likely to suggest that the patient has recovered well from impaired peripheral vestibular organ function and
that the vertigo symptoms caused by it may no longer play a dominant role. Additional screening should be performed for
possible co-occurring psychosomatic factors or psychiatric disorders such as persistent postural dizziness and anxiety states.*’

The drawback of our study is the absence of longer-term follow-up data and more cases for analysis. In addition,
factors such as corrective saccades included the peak velocity of eye movement and time to peak or abnormal saccade
rates are not integrated for correlation analysis. Additionally, more cases are needed due to issues such as the low positive

rate and cooperation rate of VEMP. This requires further research in the future.

Conclusion

The absence of underlying disease and the receipt of glucocorticoid therapy significantly contributed to the improvement
of objective vestibular function tests in the short term, while the improvement of subjective vertigo may correlate with
the different objective measures and questionnaire. We believe that the improvement of the affected horizontal
semicircular canal gain value in the vHIT can be used as a reference indicator of the degree of improvement of vestibular
symptoms with superior vestibular neuritis.
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