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Abstract

Background: The presumed etiology of vestibular neuritis (VN), a sudden onset of spontaneous vertigo
without auditory or cranial nerve symptoms, includes viral infections and vascular disorders. However, no
clinical test for estimating vascular disorders in VN has been reported. Moreover, estimating the etiology of
VN is important to predict the prognosis and select appropriate treatment. This study aimed to evaluate the
cardio-ankle vascular index (CAVI), which reflects arterial stiffness and elasticity, as an additional indicator
for estimating the prognosis and etiology of VN.

Materials and methods: Among 207 consecutive patients with suspected VN, 88 patients diagnosed with
definite VN were enrolled. Age, initial and final percent canal paresis (CP) in the caloric test, CAVI, presence
or absence of vestibular-evoked myogenic potential asymmetry, and medical history were evaluated using
univariate and multivariate analyses.

Results: Patients with VN with high CAVI had a better prognosis than those with low CAVI. High CAVI was a
factor for improvement in percent CP, in addition to younger age and less severe initial percent CP in the
Cox proportional hazard model.

Conclusion: CAVI can be an additional indicator for estimating the prognosis and etiology of VN. This
indicator can potentially be applied to other diseases, including vascular disorders with other etiologies.

Categories: Otolaryngology
Keywords: arteriosclerosis, vascular disorders, etiology, cavi, cardio-ankle vascular index, vestibular neuritis

Introduction

Vestibular neuritis (VN) is characterized by a sudden unilateral loss of vestibular function without hearing
loss or signs of brain and brainstem lesions [1]. VN has an incidence of 3.5 per 100,000 population [2]. VN
etiology in each patient remains unclear, and probable causes include viral infections, such as latent herpes
virus simplex type 1 reactivation [3], and vascular disorders, such as vasoconstriction and thrombotic events
[4]. The leading hypothesis is latent virus reactivation. However, there are reports with [5] and without [6]
enhancement on vestibular nerves suggestive of viral inflammatory findings on gadolinium-enhanced
magnetic resonance imaging (MRI). Additionally, antiviral therapy in the acute phase, which was expected,
is currently considered ineffective [7]. These results suggest that VN is not a single disease caused by viral
infections. To date, no clinical tests have been reported for assessing vascular disorders in this context.
More accurate prognosis and etiology assessments should aid in VN prognosis and treatment. Moreover,
tests used to identify VN prognosis and etiology may help to identify those of other diseases.

Arteriosclerosis contributes to various vascular disorders, including cardiovascular and cerebrovascular
diseases [8]. Arterial stiffness is a property that accompanies the progression of arteriosclerosis [9] and
indicates the extent of vascular disorders. Pulse wave velocity (PWV) is a well-known parameter to evaluate
arterial stiffness. However, the cardio-ankle vascular index (CAVI) developed in 2006 in Japan is a non-
invasive index that reflects arterial stiffness. CAVI is measured by applying cuffs to the bilateral upper arms
and ankles with subjects to detect the brachial and ankle pulse waves [10]. CAVI is better for assessing
arterial stiffness because, unlike PWYV, it is less susceptible to cardiac function and transient blood pressure
changes [11]. CAVI is positively correlated with the number of microvascular lesions in the brain [12], such as
silent brain infarction, white matter hyperintensities on MRI, and coronary atherosclerosis severity, and the
higher the value, the higher the incidence of cardiovascular events [13]. CAVI can thus be employed to
evaluate the diseases caused by arterial stiffness.
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This is the first report to assess arterial stiffness and elasticity to predict VN prognosis and etiology. We
aimed to investigate the correlation between CAVI and the severity and level of improvement in VN to
evaluate CAVI as an additional indicator for estimating the VN prognosis and etiology.

Materials And Methods

This retrospective, nonrandomized, single-group study conducted at Toho University Sakura Medical Center
was approved by the Institutional Ethics Committee Review Board (521028). Informed consent was obtained
from all patients. The study conformed to the Code of Ethics of the World Medical Association (Declaration
of Helsinki).

Participants

Between January 2011 and December 2020, 207 consecutive patients (57.3 + 17.6 (mean # standard deviation)
years; 92 females and 115 males) were referred to our clinic and suspected to have VN.

VN diagnostic criteria vary among reports. In this study, based on a previous report [5], we set more
restrictive criteria for VN diagnosis as follows: (1) history of a single acute or subacute onset of severe,
prolonged vertigo attacks for more than a few hours; (2) horizontal spontaneous nystagmus often with a
rotational component toward the unaffected ear during a vertigo attack without evidence of a central
vestibular lesion; (3) caloric test showing hyporesponsiveness or lack of responsiveness of the horizontal
canal of the affected ear (canal paresis (CP) > 50% on the affected side); and (4) no cochlear signs or other
neurological signs. The percentage of CP diagnosed as VN varies according to the report. The use of video
head impulse tests rather than caloric tests to evaluate CP related to VN is becoming more common [14].
According to reports, the video head impulse test is abnormal in caloric tests with CP > 50% (50% [15], and
52.5% [16]). In this study, we diagnosed patients with VN whose CP on the affected side was > 50% to ensure
easy comparison with other reports.

Data collection

Baseline parameters included age, sex, height (cm), weight (kg), body mass index (BMI, kg/m %), systolic
blood pressure (SBP, mmHg), diastolic blood pressure (DBP, mmHg), heart rate (bpm), CAVI, diabetes
mellitus rate (%), hypertension rate (%), dyslipidemia rate (%), and rate of history of diabetes mellitus,
hypertension, or dyslipidemia (%). Diabetes mellitus was defined as fasting plasma glucose > 126 mg/dL
and/or 75-g oral glucose tolerance test with 2 h plasma glucose > 200 mg/dL and/or random plasma glucose >
200 mg/dL. Hypertension was defined as SBP > 140 mmHg and/or DBP > 90 mmHg. Dyslipidemia was defined
as a total cholesterol level > 220 mg/dL, high-density lipoprotein cholesterol level < 40 mg/dL, and/or
triglyceride level > 150 mg/dL. Moreover, patients treated with antidiabetic, antihypertensive, or lipid-
lowering agents were diagnosed and included.

Measurement and evaluation of the vestibular function

A bithermal caloric test, which evaluates the lateral semicircular canal function, was performed using 46°C
warm and 26°C cold air for 60 s at the initial examination, once every two weeks until two months after
onset, once one to two months until six months after onset, and once three to four months until their CP
stabilized or their complete CP recovery. CP was calculated using the following formula using the maximum
slow-phase eye velocity of induced nystagmus based on the Jangkees formula [17]:

Percent CP = 100 [(RC+RW)-(LC+LW)|/(RC+RW+LC+LW)

RW: the maximum slow-phase eye velocity of induced nystagmus when the right ear is stimulated with
warm air; RC: the right ear with cold air; LW: the left ear with warm air; LC: the left ear with cold air

Tests were performed using an electronystagmography (Nystagmograph NY-50, RION Co. Ltd., Tokyo, Japan)
in the supine position (head up 30°) in a completely dark room. The percentage of CP diagnosed as VN varies
by report and is approximately >25% (22% [18], 25% [19], 25-27%, and 30% [16]). In this study, we employed
quartiles and set to evaluate the severity of CP as no CP (intact, 0% < CP < 25%), mild CP (25% < CP < 50%),
moderate CP (50% < CP < 75%), and severe CP (75% < CP < 100%). Patients with moderate CP were
diagnosed with moderate VN and those with severe CP with severe VN (Table ).
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no CP (intact)
mild CP
moderate CP

severe CP

Grading of percent CP
0% < CP < 25%

25% < CP < 50%

50% < CP < 75%

75% < CP < 100%

Severity of vestibular neuritis

O
moderate vestibular neuritis

severe vestibular neuritis

TABLE 1: Criteria for the grading of percent CP and the severity of vestibular neuritis

CP: canal paresis

Level of recovery
Complete recovery

Improvement

Furthermore, the improvement criteria for VN vary among reports. In this study, the level of horizontal
semicircular canal function recovery was defined as recovery, improvement, and no change including
deterioration (Table 2).

Change in CP
severe or moderate to no CP

severe to moderate or mild, or moderate to mild CP

No change (including deterioration) severe to severe, moderate to moderate, or moderate to severe CP

TABLE 2: Level of recovery in percent CP

CP: canal paresis

Vestibular-evoked myogenic potentials (VEMP) [20], which evaluate saccular function, were performed in
response to short tone bursts (500 Hz, rise/fall time 1 ms, plateau time 2 ms, 95 dB nHL; burst-VEMP) using
Neuropack Z (Nihon Kohden, Tokyo, Japan). Surface electromyographic activity was recorded from
symmetrical sites over the upper half of each sternocleidomastoid muscle (SCM) with reference electrodes
on the lateral end of the upper sternum. The ground electrode was placed on the nasion. During the
recording of the burst-VEMP, patients were instructed to raise their heads to activate the SCM, and
electromyography of the bilateral SCM was monitored. The responses of the VEMP were regarded as
abnormal when the responses on the affected side were absent or decreased compared with those on the
unaffected side. For this comparison, the percentage VEMP asymmetry [20] was calculated using the
following formula:

Percent VEMP asymmetry = 100 | (Au - Aa) | / (Au + Aa)

Aa: the amplitude of p13-n23 on the affected side; Au: the amplitude on the unaffected side The upper limit
of percent VEMP asymmetry was set as 34.1 according to a previous report [20].

Measurement and evaluation of CAVI

CAVI was measured with a VaSera CAVI instrument (Fukuda Denshi Inc., Tokyo, Japan) by the methods
described elsewhere [10]. In brief, cuffs were applied to the bilateral upper arms and ankles with the subject
lying supine and the head held in the midline position. After resting for 10 min, to detect brachial and ankle
pulse waves with cuffs, a low cuff pressure of 30-50 mmHg was used to ensure the minimal effect of cuff
pressure on hemodynamics. Blood pressure was measured using cuffs on the upper arm.

The CAVI was calculated based on the stiffness parameter B theory [21] using the following formula: CAVI =
a{(2p/AP) x In(Ps/ Pd)PWV2}+b

Ps: systolic blood pressure; Pd: diastolic blood pressure; PWV: pulse wave velocity; AP: Ps-Pd; p: blood
density; a and b: constants

PWYV was obtained by dividing the vascular length by the time taken for the pulse wave to propagate from the
aortic valve to the ankle and was measured using cuffs at the upper arms and ankles. The mean coefficient of
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variation of CAVI is 3.85 [10], and CAVI has good reproducibility [22] for clinical use because the accepted
limit for clinical laboratory testing is 5%.

CAVI = 8.0 is reported to be an optimal cutoff point for carotid arteriosclerosis prediction [23]. The group
with a CAVI > 10 is reported to have a high incidence of heart diseases and cerebrovascular accidents in
three years [24]. Meanwhile, based on data from healthy subjects (15,966 females and 16,661 males), the
standard value for CAVI on the measuring instrument was set as < 8.9 on the measuring instrument.
Therefore, we defined low CAVI as 8.9 or lower and high CAVI as > 8.9.

Statistical analysis

Statistical Package for the Social Sciences (IBM SPSS Statistics for Windows, IBM Corp., Version 22.0,
Armonk, NY) was used for statistical analysis. The sample size was calculated based on the percentages of
the level of hearing recovery (no change versus others) between high and low CAVI patients with a one-
sided alpha level of 0.05 and a statistical power of 80%. Correlations between age (years), height (cm),
weight (kg), body mass index (BMI), blood pressure (mmHg), heart rate (bpm), initial and final severity of CP
(%), presence or absence of VEMP asymmetry, time to percent CP stabilized or recovery (days), level of
percent CP recovery, and CAVI (normal: < 8.9; abnormal: > 8.9) were examined using simple linear
regression analysis and unpaired Welch’s t-test for continuous variables, and chi-square test for categorical
variables. The included patients were fitted to the Cox proportional hazard model with recovery as the
outcome. For the multivariate analysis, significant variables in the univariate analysis were used as
covariates.

Results are presented as the mean + standard deviation, and statistical significance was set at p < 0.05.

Results

The sample size was calculated based on the percentage of recovered patients with CP between patients with
high and low CAVI. Finally, 88 of the 207 patients who were suspected of VN (31 high CAVI and 57 low CAVI
patients; 59.3 # 15.3 years; 41 females and 47 males) and enrolled with a one-sided alpha level of 0.05 and
an actual statistical power of 80.9%. Exclusion criteria included the following: patients visited on or after 15
days from the onset or had been treated with steroids at a previous clinic (n = 39), patients were diagnosed
with an intracranial lesion on brain magnetic resonance imaging (n = 7), had CP < 50% (n = 36), patients had
no caloric response on either side (n = 5), and underwent insufficient examination (n = 32) (Figure 1).

Vestibular neuritis suspected (n = 207)

}vw‘sw’ted on or after 15 days from the onset (n = 39)

}intracrania\ lesion on brain MRl (n = 7)

‘no caloric response on both sides (n = 5)

|
‘{underwent insufficient examination including CAVI (n = 32)

|
|
J0% < CP < 50% (n = 35) \
|
|

Unilateral definite vestibular neuritis (n = 88)

Moderate vestibular neuritis Severe vestibular neuritis Severity of
(50% = CP < 75%) (n = 25) (75% = CP = 100%) (n = 63) vestibular neuritis

FIGURE 1: Patients’ description

CP: canal paresis, CAVI: cardio-ankle vascular index

Patients with no caloric response on either side were excluded from this study because they did not fit the
diagnostic criteria of a previous report [5]. Furthermore, they might have bilateral vestibular dysfunction or
vestibular dysfunction on the opposite side.

The effect of steroids on improving vestibular function remains controversial [25], although
methylprednisolone has been reported to significantly improve the recovery of peripheral vestibular
function in patients with VN [7]. In this study, all patients were given a short course of corticosteroids. The
dose was tapered from prednisolone 1 mg/kg per day, with a maximum dose of 60 mg/day to 10 mg/day over
10 days.

Comparison of patients with low CAVI and those with high CAVI
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In 88 patients enrolled, the initial caloric test was undergone 4.2 * 4.8 days after VN onset. CAVI (57 low
CAVI cases and 31 high CAVI cases) was undergone 3.4 * 4.6 days after the initial caloric test. Age showed a
positive regression to CAVI on both the unaffected (Figure 2) and affected (Figure 3) sides.
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FIGURE 2: Regression of age to CAVI on the unaffected side

Age showed a positive regression to CAVI on the unaffected side (y = 0.055x + 5.32, R? = 0.44, p < 0.001).

CAVI: cardio-ankle vascular stiffness index
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FIGURE 3: Regression of age to CAVI on the affected side

Age showed a positive regression to CAVI on the affected side (y = 0.058x + 5.16, R>=0.51, p < 0.001).

CAVI: cardio-ankle vascular stiffness index

The age and SBP of the high CAVI group were higher than those of the low CAVI group at the initial
examination. The initial percentage of CP was almost the same in the high and low CAVI groups. The final
percentage of CP tended to be lower in the high CVI group than in the low CAVI group. The percentage of
the presence or absence of VEMP asymmetry and medical history was almost the same in the low and high
CAVI groups. Time to percent CP stabilized or recovery tended to be longer in the low CAVI group than in the
high CAVI group (Table 3).
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Age (years)
Gender
female

male

height (cm)

weight (kg)

BMI (kg/m?)

Blood pressure (mmHg)
systolic
diastolic

Heart rate (bpm)

CAVI

Present medical histories
Diabetes mellitus
Hypertension
Dyslipidemia
Any of above histories

Initial percent CP (%)

Final percent CP (%)

Present VEMP asymmetry

Time until percent CP stabilized or recovery (days)

Low CAVI group (n = 57)

51.7+13.7

27 (47.4%)
30 (52.6%)
162.6 + 9.4
62.8+11.8

23.6+3.1

132.9+17.9

82.1+11.7

64.7 £ 10.7

7.79+0.73

3(5.3%)

15 (26.3%)

8 (14.0%)

20 (35.1%)

85.14 + 34417

43.56 + 32.17

8 (14.0%)

201.3 +148.8

High CAVI group (n = 31)

67.9+79

14 (45.2%)
17 (54.8%)
161.2+8.6
60.7 + 9.6

23.2+21

141.9+229

82.6+11.5

66.9+94

9.77 £ 0.69

6 (19.4%)

10 (32.3%)

5 (16.1%)

14 (45.2%)

87.19 +273.11

34.50 + 30.81

5 (16.1%)

174.8 + 116.0

TABLE 3: Characteristics and test results of the low CAVI and high CAVI groups

Values are shown as mean + SD (standard deviation).

p

<0.0011"

0.25%

0.47t
0.41%

0.521ft

0.0451"
0.86"

0.33"

<0.0011"

0.086%*
0.55%
1.00%*
0.35%
0.547
0217
1.00%*

0.41%

n: number of patients; BMI: body mass index; CAVI: cardio-ankle vascular index; CP: canal paresis; VEMP: vestibular evoked myogenic potentials

tUnpaired t-test, +1Welch's t-test, fchi-square test, $1Yates's chi-square test

*: p <0.05, **: p<0.01
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The percentages of moderate and severe VN in the high CAVI group were almost the same as those in the
low CAVI group (p = 0.69) (Figure 4).
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low CAVI high CAVI

FIGURE 4: The number of moderate and severe VN patients in the low
CAVI and high CAVI groups

The number of moderate and severe VN was 17 and 40 patients in the low CAVI group and 8 and 23 patients in
the high CAVI group, respectively. The percentage of moderate and severe VN in the high CAVI group was almost
the same as that in the low CAVI group (p = 0.69).

CAVI: cardio-ankle vascular stiffness index; VN: vestibular neuritis, CP: canal paresis

The percentages of moderate and severe VN in the high CAVI group were almost the same as those in the
low CAVI group (p = 0.69) (Figure 4). In contrast, the percentage of each outcome was different (p = 0.040),
and the percentage of recovered patients in the high CAVI group was higher than that in the low CAVI group
(p =0.011) (Figure 5).

100%

19

)

o
o
X

19 Orecove
60% L

40% 24 O improvement

percentCP (%

20% no change

0%
low CAVI high CAVI

FIGURE 5: The number of recovered, improved, and no changed
patients in the low CAVI and high CAVI groups

The number of recovered, improved, and no changed patients were 19, 24, and 14 patients in the low CAVI group
and 19, 8, and 4 cases in the high CAVI group, respectively. The percentage of each outcome was different (p =
0.04), and the percentage of recovered patients in the high CAVI group was higher than that in the low CAVI
group (p = 0.011).

CAVI: cardio-ankle vascular stiffness index

Comparison of the patients with recovered and others in percent CP

In univariate analyses, the age of the patients who recovered in percent CP was not different from those with
improved and unchanged in percent CP. The percentage of patients with severe VN among the recovered
patients was higher than that among the others. The percentage of patients with high CAVI among the
recovered patients was higher than that among the others. The percentage of patients with present VEMP
asymmetry and having past medical histories in patients with low CAVI was not different from those with
high CAVI. The time to percentage CP stabilization or recovery was longer in the low CAVI group than in the
high CAVI group (Table 4).
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Recovery in CP (n =38) Improvement or no change inCP (n=50) p

Age (years) 58.1+16.0 57.3+13.0 0.0f
Gender
female 18 (47.4%) 23 (46.0%) 0.25%
male 20 (52.6%) 27 (54.0%)
Severity of VN
moderate VN 17 (44.7%) 8 (16.0%) 0.0031%"
severe VN 21 (55.3%) 42 (84.0%)
CAVI
low 19 (50.0%) 38 (76.0%) 0.011%
high 19 (50.0%) 12 (24.0%)
VEMP asymmetry
absent 35 (92.1%) 40 (80.0%) 0.11%
present 3 (7.9%) 10 (20.0%)
Present medical histories
Diabetes mellitus 3 (7.9%) 6 (12.0%) 0.78%t
Hypertension 10 (26.3%) 15 (30.0%) 0.7%
Dyslipidemia 7 (18.4%) 6 (12.0%) 0.4%
Any of above histories 16 (42.1%) 18 (36.0%) 0.56%
Time to percent CP stabilized or recovery (days) 145.3 £ 103.0 227.9+151.3 0.0041Tt"

TABLE 4: Univariate analyses of factors between a complete recovery or marked improvement in
hearing patients and slight improvement or no change in patients

Values are shown as mean + SD (standard deviation).

n: number of patients; CP: canal paresis; CAVI: cardio-ankle vascular index; VEMP: vestibular evoked myogenic potentials

tUnpaired t-test, +1Welch's t-test, fchi-square test, $1Yates's chi-square test

*: p <0.05, **: p<0.01

For multivariate analyses, we set three covariates because of the lower number of patients in the two groups
(n = 38). The severity of VN and CAVI were set as covariates because they were significant in univariate
analysis. Age was also set because CAVI and age could be confounders of each other, as they were positively
correlated. In the Cox proportional hazard model contributing to the recovery in percent CP as the outcome,
high CAVI, less severe VN, and lower age were significant covariates (Table 5).
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HR 95% CI p

Age

increases 1 year 0.97 0.94-0.99 0.013"
Severity of VN

moderate VN (ref)

severe VN 0.28 0.14-0.55 <0.001”
CAVI

low (ref)

high 3.95 1.67-9.39 0.0018"

TABLE 5: Results of the multivariate analysis fitted to the Cox proportional hazards model
contribute to recovery in percent CP

HR: hazard ratio; Cl: confidence interval; ref: reference; CP: canal paresis; VN: vestibular neuritis; CAVI: cardio-ankle vascular index

*:p <0.05, **: p < 0.01

Discussion

In this study, high CAVI, less severe CP, and younger age were identified as variables for semicircular canal
function improvement in VN. Moreover, despite older age and the same severity of VN, semicircular canal
function improved better in patients with high CAVI than in those with low CAVI. In other words, patients
with high CAVI, or stiffer and less elastic arteries, have a better prognosis than their counterparts.

Diseases in patients with stiff and low elastic arteries are expected to be difficult to recover from, for
example, more advanced or more severe lesions were observed in cardiovascular [13], cerebrovascular [12],
and macular disorders [26] with high CAVI. Contrarily, in our study, VN exhibited a better prognosis in
patients with high CAVI than those with low CAVI. To explain the discrepancy, we hypothesized that the
different percentages of etiologies are included in the high CAVI and low CAVI patients, i.e., the percentage
of VN due to vascular disorders in high CAVI patients is higher than that due to viral infection because
similar prognoses are expected for VN with the same etiology and severity of VN. Furthermore, the time to
percent CP stabilized or recovery was longer in low CAVI patients than in the high CAVI patients, suggesting
VN with high CAVI and better prognosis was “more” transient, i.e., vascular disorders.

Another hypothesis is that both groups had VN due to viral infection; however, patients with a high CAVI
had more severe vascular changes due to viral inflammation. An increased percentage of CD40-positive
monocytes and macrophages, which can lead to thrombotic and inflammatory changes in the vessels, was
reported in patients with VN compared to healthy individuals [27]. These pro-inflammatory activations can
reduce the microvascular perfusion of the inner ear organs caused by an increase in thrombotic events [28].
However, if all VN is caused by a viral infection, then the claim that semicircular canal function has a better
prognosis in patients with more severe vascular changes is contradictory. In any case, the percentage of VN
due to vascular disorders is higher in patients with high CAVI than in those with low CAVT; therefore, better
improvement in vestibular function was achieved in high CAVI patients.

As for the correlation between the severity and the prognosis of VN, some reports have shown that the
prognoses of the patients with no response in the caloric test at the first examination were not always bad
[29]. However, others showed the more severe the VN is, the worse the prognosis of the semicircular function
is [18], which was consistent with the findings of this study showing that the VN severity was significant
both on univariate and multivariate analyses. Contrarily, in this study, age was significant only in
multivariate analysis. The reason this discrepancy was observed in age can be explained as follows: CAVI and
age were confounders of each other, as they had positive regression. However, the prognosis of VN worsens
with increasing age, and conversely, it improves with increasing CAVI. Multivariate analysis resolved
confounding factors, and age was a significant covariate, in addition to CAVI. Some reports have shown a
correlation between the prognosis of VN and age [18], which is consistent with the findings of this study;
while few other studies have shown no such correlation [29]. The result of VEMP asymmetry was consistent
with a previous report showing that present or absent VEMP asymmetry was not associated with VN
prognosis [30]. Moreover, past medical histories were not associated with VN prognosis. We can conclude
that VEMP asymmetry and past medical histories were not as prognostic as CAVI, VN severity, and age.
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This study has some limitations. First, we cannot conclude from our results that VN in high CAVI patients is
due to vascular disorders; therefore, semicircular canal function improved better, while VN in low CAVI
patients was due to viral infection, and semicircular canal function improved worse. This is because CAVI is
an index of vascular stiffness and elasticity and cannot directly determine the etiology. Second, all enrolled
patients did receive a short steroid treatment; therefore, it might be inappropriate to draw inferences about
natural disease progression.

Conclusions

VN in patients with high CAVI had a better prognosis in semicircular canal function than in patients with
low CAVI, despite higher age and the same severity of VN. On multivariate analysis, high CAVI, less severe
CP, and younger age were factors for better improvement in semicircular canal function. We believe that
CAVI can be an additional indicator for estimating the prognosis and etiology of VN, although further
studies are required to confirm this.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Munetaka Ushio

Acquisition, analysis, or interpretation of data: Munetaka Ushio, Toshitake Tanaka, Fuyuko Ikemiyagi,
Yoshihiro Tkemiyagi, Hanako Totsuka, Taro Takanami, Yoshihisa Kitazawa, Toshiyuki Nomura, Yasushi Ohta,
Tomoe Yoshida

Drafting of the manuscript: Munetaka Ushio

Critical review of the manuscript for important intellectual content: Toshitake Tanaka, Fuyuko
Ikemiyagi, Yoshihiro Ikemiyagi, Hanako Totsuka, Taro Takanami, Yoshihisa Kitazawa, Toshiyuki Nomura,
Yasushi Ohta, Tomoe Yoshida

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Toho University Sakura
Medical Center Ethics Committee Review Board issued approval S21028. This retrospective, nonrandomized,
single-group study conducted at Toho University Sakura Medical Center was approved by the Institutional
Ethics Committee Review Board (S21028). Informed consent was obtained from all patients. The study
conformed to the Code of Ethics of the World Medical Association (Declaration of Helsinki). Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

We would like to thank Professor Emeritus Kohji Shirai for his insightful advice on the cardio-ankle vascular
index (CAVI). We would like to thank Professor Toshihisa Murofushi and Professor Shinichi Iwasaki for their
advice on the grading of the severity and level of improvement in VN. We would like to thank Drs Yuya
Tamura, Takuya Okamoto, Mari Kawashima, Michiko Uchiyama, Mitsuya Suzuki, and Hitomi Ikeda for their
survey cooperation. We would like to thank Editage (www.editage.com) for English language editing.

References

1. Strupp M, Brandt T: Vestibular neuritis. Adv Otorhinolaryngol. 1999, 55:111-36. 10.1159/000059060

2. Sekitani T, Imate Y, Noguchi T, Inokuma T: Vestibular neuronitis: epidemiological survey by questionnaire
in Japan. Acta Otolaryngol Suppl. 1993, 503:9-12. 10.3109/00016489309128061

3. Rujescu D, Hartmann AM, Giegling I, Konte B, Herrling M, Himmelein S, Strupp M: Genome-wide
association study in vestibular neuritis: involvement of the host factor for HSV-1 replication. Front Neurol.
2018, 9:591. 10.3389/fneur.2018.00591

4.  OronY, Shemesh S, Shushan S, Cinamon U, Goldfarb A, Dabby R, Ovnat Tamir S: Cardiovascular risk factors
among patients with vestibular neuritis. Ann Otol Rhinol Laryngol. 2017, 126:597-601.
10.1177/0003489417718846

5. Karlberg M, Annertz M, Magnusson M: Acute vestibular neuritis visualized by 3-T magnetic resonance
imaging with high-dose gadolinium. Arch Otolaryngol Head Neck Surg. 2004, 130:229-32.

2023 Ushio et al. Cureus 15(11): e49151. DOI 10.7759/cureus.49151 10 of 11


https://dx.doi.org/10.1159/000059060
https://dx.doi.org/10.1159/000059060
https://dx.doi.org/10.3109/00016489309128061
https://dx.doi.org/10.3109/00016489309128061
https://dx.doi.org/10.3389/fneur.2018.00591
https://dx.doi.org/10.3389/fneur.2018.00591
https://dx.doi.org/10.1177/0003489417718846
https://dx.doi.org/10.1177/0003489417718846
https://dx.doi.org/10.1001/archotol.130.2.229

Cureus

10.

11.

12.

13.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

10.1001/archotol.130.2.229

Strupp M, Jéger L, Miiller-Lisse U, Arbusow V, Reiser M, Brandt T: High resolution Gd-DTPA MR imaging of
the inner ear in 60 patients with idiopathic vestibular neuritis: no evidence for contrast enhancement of the
labyrinth or vestibular nerve. | Vestib Res. 1998, 8:427-33. 10.3233/VES-1998-8603

Strupp M, Zingler VC, Arbusow V, et al.: Methylprednisolone, valacyclovir, or the combination for vestibular
neuritis. N Engl ] Med. 2004, 351:354-61. 10.1056/NEJMo0a033280

Murray CJ, Lopez AD: Alternative projections of mortality and disability by cause 1990-2020: Global Burden
of Disease Study. Lancet. 1997, 349:1498-504. 10.1016/S0140-6736(96)07492-2

Mattace-Raso FU, van der Cammen TJ, Hofman A, et al.: Arterial stiffness and risk of coronary heart disease
and stroke: the Rotterdam Study. Circulation. 2006, 113:657-63. 10.1161/CIRCULATIONAHA.105.555235
Shirai K, Utino J, Otsuka K, Takata M: A novel blood pressure-independent arterial wall stiffness parameter;
cardio-ankle vascular index (CAVI). ] Atheroscler Thromb. 2006, 13:101-7. 10.5551/jat.13.101

Shirai K, Song M, Suzuki J, et al.: Contradictory effects of 1- and a1-aderenergic receptor blockers on
cardio-ankle vascular stiffness index (CAVI) - CAVI independent of blood pressure. ] Atheroscler Thromb.
2011, 18:49-55. 10.5551/jat.3582

Choi SY, Park HE, Seo H, Kim M, Cho SH, Oh BH: Arterial stiffness using cardio-ankle vascular index reflects
cerebral small vessel disease in healthy young and middle aged subjects. ] Atheroscler Thromb. 2013,
20:178-85. 10.5551/jat.14753

Sato Y, Nagayama D, Saiki A, et al.: Cardio-ankle vascular index is independently associated with future
cardiovascular events in outpatients with metabolic disorders. ] Atheroscler Thromb. 2016, 23:596-605.
10.5551/jat.31385

Weber KP, Aw ST, Todd MJ, McGarvie LA, Curthoys IS, Halmagyi GM: Head impulse test in unilateral
vestibular loss: vestibulo-ocular reflex and catch-up saccades. Neurology. 2008, 70:454-63.
10.1212/01.wnl.0000299117.48935.2e

Hamid M: More than a 50% canal paresis is needed for the head impulse test to be positive . Otol Neurotol.
2005, 26:318-19. 10.1097/00129492-200503000-00042

Bartolomeo M, Biboulet R, Pierre G, Mondain M, Uziel A, Venail F: Value of the video head impulse test in
assessing vestibular deficits following vestibular neuritis. Eur Arch Otorhinolaryngol. 2014, 271:681-8.
10.1007/s00405-013-2451-y

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

McCaslin DL, Jacobson GP, Bennett ML, Gruenwald JM, Green AP: Predictive properties of the video head
impulse test: measures of caloric symmetry and self-report dizziness handicap. Ear Hear. 2014, 35:e185-91.
10.1097/AUD.0000000000000047

Blodow A, Blodow J, Bloching MB, Helbig R, Walther LE: Horizontal VOR function shows frequency
dynamics in vestibular schwannoma. Eur Arch Otorhinolaryngol. 2015, 272:2143-8. 10.1007/s00405-014-
3042-2

Murofushi T, Matsuzaki M, Mizuno M: Vestibular evoked myogenic potentials in patients with acoustic
neuromas. Arch Otolaryngol Head Neck Surg. 1998, 124:509-12. 10.1001/archotol.124.5.509

Kawasaki T, Sasayama S, Yagi S, Asakawa T, Hirai T: Non-invasive assessment of the age related changes in
stiffness of major branches of the human arteries. Cardiovasc Res. 1987, 21:678-87. 10.1093/cvr/21.9.678
Kubozono T, Miyata M, Ueyama K, et al.: Clinical significance and reproducibility of new arterial
distensibility index. Circ J. 2007, 71:89-94. 10.1253/circj.71.89

Hu H, Cui H, Han W, et al.: A cutoff point for arterial stiffness using the cardio-ankle vascular index based
on carotid arteriosclerosis. Hypertens Res. 2013, 36:334-41. 10.1038/hr.2012.192

Kubota Y, Maebuchi D, Takei M, et al.: Cardio-Ankle Vascular Index is a predictor of cardiovascular events .
Artery Res. 2011, 5:91-6. 10.1016/j.artres.2011.03.005

Fishman JM, Burgess C, Waddell A: Corticosteroids for the treatment of idiopathic acute vestibular
dysfunction (vestibular neuritis). Cochrane Database Syst Rev. 2011, CD008607.
10.1002/14651858.CD008607.pub2

Taniguchi H, Shiba T, Takahashi M, Kanai H, Hori Y, Shirai K, Maeno T: Cardio-ankle vascular index
elevation in patients with exudative age-related macular degeneration. ] Atheroscler Thromb. 2013, 20:903-
10. 10.5551/jat.18796

Freedman JE, Loscalzo J: Platelet-monocyte aggregates: bridging thrombosis and inflammation. Circulation.
2002, 105:2130-2. 10.1161/01.¢ir.0000017140.26466.f5

Beyea JA, Agrawal SK, Parnes LS: Recent advances in viral inner ear disorders . Curr Opin Otolaryngol Head
Neck Surg. 2012, 20:404-8. 10.1097/M0O0.0b013e328357a6b3

Okinaka Y, Sekitani T, Okazaki H, Miura M, Tahara T: Progress of caloric response of vestibular neuronitis .
Acta Otolaryngol Suppl. 1993, 503:18-22. 10.3109/00016489309128064

Chihara Y, Iwasaki S, Murofushi T, et al.: Clinical characteristics of inferior vestibular neuritis. Acta
Otolaryngol. 2012, 132:1288-94. 10.3109/00016489.2012.701326

2023 Ushio et al. Cureus 15(11): e49151. DOI 10.7759/cureus.49151

11 0of 11


https://dx.doi.org/10.1001/archotol.130.2.229
https://dx.doi.org/10.3233/VES-1998-8603
https://dx.doi.org/10.3233/VES-1998-8603
https://dx.doi.org/10.1056/NEJMoa033280
https://dx.doi.org/10.1056/NEJMoa033280
https://dx.doi.org/10.1016/S0140-6736(96)07492-2
https://dx.doi.org/10.1016/S0140-6736(96)07492-2
https://dx.doi.org/10.1161/CIRCULATIONAHA.105.555235
https://dx.doi.org/10.1161/CIRCULATIONAHA.105.555235
https://dx.doi.org/10.5551/jat.13.101
https://dx.doi.org/10.5551/jat.13.101
https://dx.doi.org/10.5551/jat.3582
https://dx.doi.org/10.5551/jat.3582
https://dx.doi.org/10.5551/jat.14753
https://dx.doi.org/10.5551/jat.14753
https://dx.doi.org/10.5551/jat.31385
https://dx.doi.org/10.5551/jat.31385
https://dx.doi.org/10.1212/01.wnl.0000299117.48935.2e
https://dx.doi.org/10.1212/01.wnl.0000299117.48935.2e
https://dx.doi.org/10.1097/00129492-200503000-00042
https://dx.doi.org/10.1097/00129492-200503000-00042
https://dx.doi.org/10.1007/s00405-013-2451-y
https://dx.doi.org/10.1007/s00405-013-2451-y
https://pubmed.ncbi.nlm.nih.gov/14452374/
https://dx.doi.org/10.1097/AUD.0000000000000047
https://dx.doi.org/10.1097/AUD.0000000000000047
https://dx.doi.org/10.1007/s00405-014-3042-2
https://dx.doi.org/10.1007/s00405-014-3042-2
https://dx.doi.org/10.1001/archotol.124.5.509
https://dx.doi.org/10.1001/archotol.124.5.509
https://dx.doi.org/10.1093/cvr/21.9.678
https://dx.doi.org/10.1093/cvr/21.9.678
https://dx.doi.org/10.1253/circj.71.89
https://dx.doi.org/10.1253/circj.71.89
https://dx.doi.org/10.1038/hr.2012.192
https://dx.doi.org/10.1038/hr.2012.192
https://dx.doi.org/10.1016/j.artres.2011.03.005
https://dx.doi.org/10.1016/j.artres.2011.03.005
https://dx.doi.org/10.1002/14651858.CD008607.pub2
https://dx.doi.org/10.1002/14651858.CD008607.pub2
https://dx.doi.org/10.5551/jat.18796
https://dx.doi.org/10.5551/jat.18796
https://dx.doi.org/10.1161/01.cir.0000017140.26466.f5
https://dx.doi.org/10.1161/01.cir.0000017140.26466.f5
https://dx.doi.org/10.1097/MOO.0b013e328357a6b3
https://dx.doi.org/10.1097/MOO.0b013e328357a6b3
https://dx.doi.org/10.3109/00016489309128064
https://dx.doi.org/10.3109/00016489309128064
https://dx.doi.org/10.3109/00016489.2012.701326
https://dx.doi.org/10.3109/00016489.2012.701326

	Higher Cardio-Ankle Vascular Index Values in Patients With Vestibular Neuritis May Indicate a Better Prognosis
	Abstract
	Introduction
	Materials And Methods
	Participants
	Data collection
	Measurement and evaluation of the vestibular function
	TABLE 1: Criteria for the grading of percent CP and the severity of vestibular neuritis
	TABLE 2: Level of recovery in percent CP

	Measurement and evaluation of CAVI
	Statistical analysis

	Results
	FIGURE 1: Patients’ description
	Comparison of patients with low CAVI and those with high CAVI
	FIGURE 2: Regression of age to CAVI on the unaffected side
	FIGURE 3: Regression of age to CAVI on the affected side
	TABLE 3: Characteristics and test results of the low CAVI and high CAVI groups
	FIGURE 4: The number of moderate and severe VN patients in the low CAVI and high CAVI groups
	FIGURE 5: The number of recovered, improved, and no changed patients in the low CAVI and high CAVI groups

	Comparison of the patients with recovered and others in percent CP
	TABLE 4: Univariate analyses of factors between a complete recovery or marked improvement in hearing patients and slight improvement or no change in patients
	TABLE 5: Results of the multivariate analysis fitted to the Cox proportional hazards model contribute to recovery in percent CP


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


