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Abstract

Objective: Vascular disorders and viral infections are the presumed etiologies of idiopathic sudden
sensorineural hearing loss (ISSNHL) and acute sensorineural hearing loss, with no identifiable cause.
However, no clinical test for estimating the extent of vascular involvement in ISSNHL has been reported
despite its potential impact on prognosis and treatment. We investigated the correlation between the
cardio-ankle vascular index (CAVI), which reflects arterial stiffness and elasticity, and hearing improvement
to ascertain its usefulness as an additional indicator of ISSNHL prognosis and etiology.

Methods: We enrolled 182 patients diagnosed with definite ISSNHL. The percentage of mild ISSNHL patients
and that of patients experiencing no change were compared between the high-CAVI and low-CAVI groups.
Age, initial and final pure-tone average (PTA) values, CAVI, presence or absence of vertigo, and medical
histories were retrospectively reviewed and included in univariate and multivariate analyses.

Results: The percentage of mild ISSNHL patients was smaller in the high-CAVI group than in the low-CAVI
group, whereas the percentage of patients experiencing no change was smaller in the high-CAVI group than
in the low-CAVI group, although patients in the high-CAVI group were significantly older than those in the
low-CAVI group. The Cox proportional hazard model revealed that high CAVI, hypertension, younger age,
and initial PTA <90 dB were associated with hearing improvement.

Conclusions: ISSNHL in patients with high CAVI was more severe but had a better prognosis than that in
those with low CAVI. CAVI may help evaluate diseases of vascular and other etiologies, as well as ISSNHL.

Categories: Otolaryngology
Keywords: vascular disorders, prognosis, idiopathic sudden sensorineural hearing loss, cavi, cardio-ankle vascular
index

Introduction

For diseases with multiple possible etiologies, such as vascular disorders, viral infection (e.g., vestibular
neuritis), and diabetes mellitus- and age-related cerebral nerve palsy, effective treatment requires accurate
etiological identification at clinics for effective prognostication and management. Idiopathic sudden
sensorineural hearing loss (ISSNHL) is an acute disease resulting from abnormal function of the cochlea,
auditory nerve, or higher aspects of the central auditory system, with no identifiable cause [1,2]. ISSNHL
affects approximately 5-61 individuals per 100,000 people annually in the United States [3], Taiwan [4],
Switzerland [5], and Japan [6]. The etiology of ISSNHL remains unclear [7], although probable causes include
arteriosclerosis, vasoconstriction [8,9], and viral infections, such as those caused by mumps virus [10],
varicella-zoster virus [11], and enterovirus [12]. Viral tests, such as herpes simplex virus types 1 and 2 and
varicella-zoster virus antibody tests, have been used to assess viral infection in ISSNHL [12,13]. However, no
clinical tests for assessing vascular disorders in this context have been reported.

Arteriosclerosis contributes to various vascular disorders, including cardiovascular and cerebrovascular
diseases [14]. Arterial stiffness is a property that accompanies the progression of arteriosclerosis [15] and
indicates the extent of vascular disorders. Pulse wave velocity (PWV) is used to evaluate arterial stiffness.
The cardio-ankle vascular index (CAVI) developed in 2006 in Japan is a non-invasive index that reflects
arterial stiffness [16]. Unlike PWV, CAVI is less susceptible to cardiac function and transient blood pressure
changes [17], and is positively correlated with the number of microvascular lesions in the brain [18,19], such
as silent brain infarction and white matter hyperintensities on magnetic resonance imaging and the severity
of coronary atherosclerosis [20]. The higher the CAVI value, the higher the incidence of cardiovascular events
[21]. Thus, CAVI can be employed to evaluate diseases caused by arterial stiffness.
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To the best of our knowledge, this report is the first to assess arterial stiffness and elasticity to predict the
prognosis and etiology of ISSNHL. This study aimed to investigate the correlation between CAVI and
hearing improvement to ascertain its usefulness as an additional indicator of ISSNHL prognosis and its
etiology.

Materials And Methods

This retrospective, non-randomized, single-group study conducted at the Toho University Sakura Medical
Center was approved by the institutional ethics committee (approval number $21026). Informed consent was
obtained from all the patients. The project conformed to the Code of Ethics of the World Medical Association
(Declaration of Helsinki).

Participants

From January 2013 to February 2021, 1320 consecutive patients (mean age, 57.3£17.7 years; 679 women and
641 men) with acute sensorineural hearing loss were referred to our clinic in Sakura, Chiba.

The diagnostic criteria of ISSNHL according to the American Academy of Otolaryngology-Head and Neck
Surgery Foundation’s guidelines [2] and the Guidelines of the Research Committee of the Ministry of Health,
Labor and Welfare of Japan [6] were adopted. The main symptom was the sudden onset of sensorineural
hearing loss of >30 dB over three consecutive frequencies that occurred within a 72-h window, with no
identifiable cause despite adequate investigation. Hearing loss is usually unilateral but may be bilateral at
the onset. Hearing loss may be accompanied by vertigo, nausea, and/or vomiting, without recurrent
episodes. No cranial nerve symptoms were observed other than those related to cranial nerve VIII.

Patients were excluded if they visited on or after day 15 from disease onset; had been treated with steroids at
a previous clinic; were diagnosed with cerebellopontine angle tumor on brain magnetic resonance imaging;
underwent insufficient examination, including CAVI assessment; or had acute low-tone sensorineural
hearing loss because they had a better prognosis than patients with ISSNHL, representing other hearing loss
types [22,23]. Patients with acute low-tone sensorineural hearing loss were diagnosed when the sum of
hearing levels at 125, 250, and 500 Hz was >70 dB and that of hearing levels at 2000, 4000, and 8000 Hz was
<60 dB [24].

Data collection

Baseline parameters included age, sex, height, weight, body mass index assessed by the clinical staff, systolic
(sBP) and diastolic (dBP) blood pressure, heart rate, CAVI, diabetes mellitus rate, hypertension rate,
dyslipidemia rate, and history of diabetes mellitus, hypertension, or dyslipidemia. Diabetes mellitus was
defined as fasting plasma glucose levels of >126 mg/dL and/or 75-g oral glucose tolerance test with 2-h
plasma glucose levels of >200 mg/dL and/or random plasma glucose levels of >200 mg/dL. Hypertension was
defined as sBP >140 mmHg and/or dBP >90 mmHg. Dyslipidemia was defined as total cholesterol levels of
>220 mg/dL, high-density lipoprotein cholesterol levels of <40 mg/dL, low-density lipoprotein cholesterol
levels of 2140 mg/dL, and/or triglyceride levels of >150 mg/dL. Patients treated with antidiabetic,
antihypertensive, or lipid-lowering agents were diagnosed and included.

Measurement and evaluation of the hearing level

All patients underwent otoscopic examination, including management of excessive or obstructive cerumen.
At the initial examination, air and bone conduction thresholds were measured with appropriate masking
using an audiometer (Audiometer AA-78, RION Co. Ltd, Tokyo, Japan) once a week until two months after
disease onset. Subsequent measurements were obtained once every three to four weeks until six months
after the onset and once every two to three months thereafter, until the hearing stabilized or complete
hearing recovery or stabilization, defined as the difference between two consecutive pure-tone averages
(PTA) within 10 dB, was observed. PTA is the arithmetic mean of five frequencies (250, 500, 1000, 2000, and
4000 Hz) on pure-tone audiometry to evaluate the grading of hearing loss and level of hearing recovery [6].
Grading of hearing loss in ISSNHL was defined as follows: Grade 1, PTA < 40 dB; Grade 2, 40 dB < PTA < 60
dB; Grade 3, 60 dB < PTA < 90 dB; and Grade 4, 90 dB < PTA (Table 1) [6].
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Grade Criteria

1 PTA <40 dB

2 40 dB < PTA <60 dB
3 60 dB < PTA <90 dB
4 90 dB < PTA

TABLE 1: Criteria for the grading of hearing loss in ISSNHL

[6]

PTA: pure tone average (arithmetic mean of the five frequencies of 250, 500, 1000, 2000, and 4000 Hz); dB: decibel; ISSNHL: idiopathic sudden
sensorineural hearing loss

The level of hearing recovery was defined as follows: complete recovery, all five frequencies in the final

audiograms were <20 dB or improvement to the same degree of hearing on the unaffected side; marked

improvement, PTA improvement >30 dB; slight improvement, 10 dB < PTA improvement <30 dB; and no
change, 10-dB PTA improvement (Table 2) [6].

Hearing improvement
status

Criteria

All five frequencies in the final audiograms are 20 dB or less, or improvement to the same degree of hearing in

Complete recovery the unaffected side

Marked improvement PTA improvement = 30 dB
Slight improvement 10 dB < PTA improvement < 30 dB
No change 10 dB < PTA improvement

TABLE 2: Hearing improvement criteria for ISSNHL

[6]

PTA: pure tone average (arithmetic mean of the five frequencies of 250, 500, 1000, 2000, and 4000 Hz); dB: decibel; ISSNHL: idiopathic sudden
sensorineural hearing loss

Measurement and evaluation of CAVI

CAVI was measured once with the VaSera CAVI instrument (Fukuda Denshi Inc., Tokyo, Japan) [16]. Briefly,
cuffs were applied to the bilateral upper arms and ankles with the patients in the supine position and the
head held in the midline position. After resting for 10 min, 30-50 mmHg low cuff pressure was used to detect
the brachial and ankle pulse waves with cuffs to ensure minimal effect of cuff pressure on hemodynamics.
Blood pressure was measured using the cuffs on the upper arm.

CAVI was calculated based on the stiffness parameter B theory [25,26] using the following formula: where Ps
is the systolic blood pressure, Pd is the diastolic blood pressure, PWV is the pulse wave velocity, AP is Ps-Pd,
p is blood density, and a and b are 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 measured by applying cuffs on the upper arms and ankles. All measurements
and calculations were performed automatically using the VaSera CAVI instrument. The mean coefficient of
variation of CAVI was 3.85 [16], and CAVI has good reproducibility [27] for clinical use because 5% is the
accepted limit for clinical laboratory testing. Based on data from healthy individuals (15,966 females and
16,661 males), the standard value for CAVI was set as £8.9 on the measuring instrument. Therefore, we
defined low CAVI as £8.9 and high CAVI as >8.9.

Statistical analysis
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SPSS software (version 22.0; IBM, Armonk, NY) was used for statistical analysis. The sample size was
calculated based on the percentages of Grade 1 ISSNHL between high-CAVI and low-CAVI patients with a
two-sided alpha level of 0.01 and statistical power of 85%. The percentage of Grade 1 ISSNHL patients and
that of patients experiencing no change were compared between the high-CAVI and low-CAVI groups.
Correlations among the various parameters described above were examined using the simple linear
regression analysis, unpaired and Welch’s t-tests for continuous variables, and the chi-squared test for
categorical variables. Data were fitted to the Cox proportional hazard model with complete recovery or
marked improvement as the outcome. Significant variables in the univariate analysis were used as covariates
for multivariate analysis. Age and CAVI were correlated and thus considered potential confounders. In
addition, age had been reported as a significant variable [2,28], and CAVI was the focus of this study. Time
until hearing stabilized, complete hearing recovery or dropout was used in the Cox model.

Results are presented as mean * standard deviation and statistical significance was set at p-values of <0.05.

Results

Of the 1320 patients with ISSNHL who visited our clinic, we excluded those who visited on or after day 15
from disease onset or had been treated with steroids at a previous clinic (n=894); those who were diagnosed
with cerebellopontine angle tumor by brain magnetic resonance imaging (n=27); those who underwent
insufficient examination, including CAVI assessment (n=175); and those who had acute low-tone
sensorineural hearing loss (n=42) (Figure 1).

Acute sensorineural hearing loss (n = ]320)|

visited on or after 15 days from the onset or had been
treated with steroids (n = 894)

—ia cerebel lopontine angle tumour on brain MRI (n = 27) ‘

underwent insufficient examination including CAVI
(h = 175)

—iacute low-tone sensorineural hearing loss (n = 42) ]

\ Definite ISSNHL (n = 162 |

Grade 1 Grade 2 Grade 3 Grade 4
(h = 38) (n =30 (n = 63) (h = 44)

Grades of ISSNHL

FIGURE 1: Patient eligibility and study flow

MRI, magnetic resonance imaging; CAVI, cardio-ankle vascular stiffness index; ISSNHL, idiopathic sudden
sensorineural hearing loss

Of the 175 patients who underwent insufficient examination, including CAVI assessment, 25 did not have
CAVI or had an inconclusive CAVI value, and the remaining 150 patients either faced challenges in adhering
to the scheduled pace of hearing tests or discontinued their visits before achieving complete recovery or
stabilization of their hearing.

The sample size was calculated based on the percentages of Grade 1 ISSNHL between high-CAVI and low-
CAVI patients. The calculation yielded a sample size of 72 patients in each group with a two-sided alpha
level of 0.01 and a statistical power of 85.0%. Finally, 182 patients with definite ISSNHL (72 high-CAVI and
110 low-CAVI patients; mean age, 59.3%+15.3 years; 86 women and 96 men) were enrolled, as patients with
high CAVI and those with low CAVI visited randomly. All the patients were administered a short course of
corticosteroids (prednisolone 1 mg/kg per day, with a maximum dose of 60 mg per day) for 10 days. No
bilateral ISSNHL was observed during the study period.

Characteristics and test results of the low-CAVI and high-CAVI groups

In the 182 patients included, CAVI was assessed 8.3+9.9 days after initial PTA. Patients in the high-CAVI
group were significantly older than those in the low-CAVI group at diagnosis (Table 3).
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0 low CAVI group (n =110) high CAVI group (n =72) p

Age (years) 52:2+14-8 OB ENED) <0-001t**
Sex

Female 59 (53-6%) 27 (37-5%) 0-0331*
Male 51 (46-4%) 45 (62:5%)

Height (cm) 162:6 + 9-4 161-:3+7-9 0-331
Weight (kg) 63-5+ 132 61-8+11-0 0-371

BMI (kg/m?) 23-:9+3:9 23-7+3:5 07t

Blood pressure (mmHg)

Systolic 124-3 £ 154 1385 +20-8 <0-001tt*
Diastolic 74-8+10-8 79-4+104 0-005t
Heart rate (bpm) 68:2+10-3 67-2+9'8 0-5t

CAVI 7-65+0-99 9-98+0-83 <0-:0011**

Medical histories

Diabetes mellitus 13 (11-8%) 22 (30-6%) 0-00174*
Hypertension 26 (23-6%) 31 (43-1%) 0-00574**
Dyslipidaemia 13 (11-8%) 19 (26-4%) 0-012¢*

Initial PTA (dB)
Unaffected side 18-3 £ 10-2 275+ 11-1 0-005+**
Affected side 62-3 + 28-0 737 + 24-1 <0-0014**

Final PTA (dB)

Unaffected side 17-2+ 105 276+11-6 <0-:001t**
Affected side 41-3+282 485+ 255 0-081t
Vertigo 40 (36:4%) 16 (22:2%) 0-041*
Time until hearing stabilized or complete recovery (days) 135:5+194-5 87-5+116-0 0-039tt*

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

BMI: body mass index; CAVI: cardio-ankle vascular index; PTA: pure-tone average (arithmetic mean of the five frequencies of 250, 500, 1000, 2000, and
4000 Hz); dB: decibel; bpm: beats per minute

tUnpaired t-test, fchi-squared test, +1Welch’s t-test

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

There was a positive linear correlation between age and CAVI on both unaffected (y=0.074+4.22, R2=0.59,
p<0.001; Figure 2) and affected (y=0.073+4.21, R2=0.58, p<0.001; Figure 53) sides.
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0 20 40 60 80
Age (years)

FIGURE 2: Correlation between age and CAVI on the unaffected side

A positive linear correlation was noted between age and CAVI on the unaffected side.

CAVI: cardio-ankle vascular stiffness index

0 20 40 60 80
Age (years)

FIGURE 3: Correlation between age and CAVI on the affected side

A positive linear correlation was noted between age and CAVI on the affected side.

CAVI: cardio-ankle vascular index

The percentage of patients with vertigo or a medical history of diabetes, hypertension, or dyslipidemia was
lower in the high-CAVI group than in the low-CAVI group. Pure-tone audiometry was performed during the
initial examination. The initial PTA was higher in the high-CAVI group than in the low-CAVI group on both
the affected and unaffected sides. The final PTA on the unaffected side was higher in the high-CAVI group
than in the low-CAVI group, whereas those on the affected sides were comparable (Table 3). The time to
hearing stabilization or complete recovery was longer in the low-CAVI group than in the high-CAVI group.

The percentage of Grade 1 ISSNHL was smaller in the high-CAVI group than in the low-CAVI group (p<0.001)
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(Figure 4).

100% 5
33
0,

80% OGrade 1
(PTA < 40 dB)

60% D Grade 2
(40 dB < PTA < 80 dB)

40% B Grade 3
(60 dB = PTA <90 dB)

20% B Grade 4
(90 dB < PTA)

0%

low CAVI high CAVI

FIGURE 4: Grades of ISSNHL

The percentage of Grade 1 hearing loss in PTAs of ISSNHL was smaller in the high-CAVI group than in the low-
CAVI group (p<0.001).

ISSNHL: idiopathic sudden sensorineural hearing loss; PTA: pure-tone average; CAVI: cardio-ankle vascular
stiffness index

In contrast, the percentage of patients experiencing no change was smaller in the high-CAVI group than in
the low-CAVI group (p=0.0087) (Figure 5).

100%
80%
67 48 o complete recovery
60% _
omarked improvement
0,

el slight improvement
20% mno change

0%

low CAVI high CAVI

FIGURE 5: The level of hearing recovery

The percentage of patients experiencing no change was smaller in the high-CAVI group than in the low-CAVI
group (p=0.0087).

ISSNHL: idiopathic sudden sensorineural hearing loss; PTA: pure-tone average; CAVI: cardio-ankle vascular
stiffness index

Univariate and multivariate analyses of factors affecting outcomes

Patients whose condition completely recovered or markedly improved were of comparable age to those
whose condition slightly improved or experienced no change. Among patients showing complete recovery or
marked improvement in hearing, the percentage of patients with Grade 4 ISSNHL and the presence of
vertigo was lower, the time to hearing stabilization or time to complete recovery was shorter, and the
percentage of patients with hypertension was higher than that among their counterparts (Table 4).

2023 Ushio et al. Cureus 15(11): e49400. DOI 10.7759/cureus.49400

7 of 11


javascript:void(0)
https://assets.cureus.com/uploads/figure/file/810494/lightbox_3a6608b07a2811eeb2d7b3b6d7ae571d-FIgure-4.png
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/810495/lightbox_92fda1407a2811ee9b689fdac8460f7b-FIgure-5.png
javascript:void(0)

Cureus

- Complete recovery or marked Slight or no improvement
improvement (n = 128) (n=54)

Age (years) 59-5+15-2 591+ 157 0-85t1

Sex

Female 62 (48:4%) 24 (44-4%) 0-62f

Male 66 (51:6%) 30 (55:6%)

Grade of ISSNHL

Grade 1-3 105 (82:0%) 33 (61:1%) 0-00261**

Grade 4 23 (18:0%) 21 (38:9%)

Grade of ISSNHL

Grade 1, 2 58 (45:3%) 17 (31-5%) 0-083%

Grade 3, 4 70 (54:7%) 37 (68-5%)

CAVI

Low 75 (58:6%) 35 (64-8%) 0-43%

High 53 (41-4%) 19 (35-2%)

Vertigo

Absent 97 (75:8%) 29 (53:7%) 0-00321**

Present 31 (24-2%) 25 (46-3%) |

Diabetes mellitus

Absent 105 (82:0%) 42 (77-8%) 0-51%

Present 23 (18:0%) 12 (22:2%)

Hypertension

Absent 82 (64:1%) 43 (79:6%) 0-039%*

Present 46 (35-9%) 11 (20-4%)

Dyslipidaemia

Absent 103 (80-5%) 47 (87:0%) 0-21%

Present 25 (19-:5%) 7 (13:0%)

Time until hearing stabilized or complete 84141313 193-3 + 2187 00011+

recovery (days)

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

CAVI: cardio-ankle vascular index; ISSNHL: idiopathic sudden sensorineural hearing loss
tUnpaired t-test, fchi-squared test, +1Welch’s t-test

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

Given the number of patients in both groups (n=54), we included five covariates in multivariate analysis.
ISSNHL grade (Grade 4 or others), the presence or absence of vertigo, and hypertension were set as
covariates because they were significant in the univariate analysis. Age and CAVI were also set as covariates,
although they were not significant. In the Cox proportional hazards model, Grade 1-3 ISSNHL (hazard ratio
{HR}=0.49), younger age (HR=0.98 for every 1-year increase), high CAVI (HR=1.81), and hypertension
(HR=1.92) contributed to complete recovery or marked improvement in hearing (Table 5).
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O HR 95% CI P

Age at diagnosis

Increases 1 year 0-98 0-97 - 0-99 0-011*
Grade of ISSNHL

Grade 1-3 (ref)

Grade 4 0-49 0-31-079 0-0032**
CAVI

Low (ref) ] ] O

High 1-81 1:15-2:84 0-0097**
Vertigo

Absent (ref)

Present 0:76 0-50-1-17 0-21
Hypertension

Absent (ref)

Present 1-91 1-29-2:85 0-:0014**

TABLE 5: Results of the multivariate analysis fitted to the Cox proportional hazards model that
contribute to complete recovery or marked improvement in hearing

ISSNHL: idiopathic sudden sensorineural hearing loss; dB: decibel; HR: hazard ratio; Cl: confidence interval; ref: reference; CAVI: cardio-ankle vascular
index

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

Discussion

This study revealed the factors predictive of better hearing improvement in ISSNHL: high CAVI, lower age,
and less severe ISSNHL. In addition, ISSNHL in patients with high CAVI could be more severe but may have a
better prognosis than that in their counterparts with different characteristics. This report is the first to
describe a disease in which patients with high CAVI (i.e., stiffer and less elastic arteries) have a better
prognosis than their counterparts.

Previous reports that did not include CAVI indicated that more severe ISSNHL had a poorer prognosis
[28,29]. In addition, more advanced or more severe lesions have been observed in patients with
cardiovascular [20,21], cerebrovascular [18,19], and macular disorders [30] with high CAVI than in their
counterparts, because diseases in patients with stiff and low-elastic arteries are difficult to treat. However,
in our study, the prognosis of patients with high CAVI was better than that of patients with low CAVI,
despite older age and more severe ISSNHL. To explain this discrepancy, we hypothesized that different
etiologies are involved in patients with low and high CAVI, as similar prognoses are expected in ISSNHL
cases of the same etiology and severity. This hypothesis is supported by the following points.

First, patients with high CAVI were older than those with low CAVI at diagnosis. This finding was expected
as CAVI values increase with age. However, ISSNHL is more difficult to treat in older than in younger
patients [2,28]. The better prognosis in older patients with high CAVI might be due to ISSNHL mainly caused
by vascular disorders, and a worse prognosis in younger patients with low CAVI might be due to ISSNHL of
mainly viral etiology.

Second, the time to hearing stabilization or complete recovery was longer in the low-CAVI group than in the
high-CAVI group, suggesting that ISSNHL in the high-CAVI group was relatively transient. This result is
contradictory, as more severe ISSNHL usually requires a longer period for hearing improvement or recovery
[28,29]. However, the different disease etiologies in the high-CAVI and low-CAVI groups may account for this
finding.

Based on these findings, the percentage of ISSNHL due to vascular disorders is likely higher in patients with
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high CAVI than in those with low CAVI, allowing for greater hearing improvement in the high-CAVI group
than in the low-CAVI group.

The prognosis for hearing recovery is affected by age, vertigo at onset, hearing loss severity, audiometric
configuration, and the time between hearing loss onset and treatment [2,28]. Herein, PTA in patients with
high CAVI improved more significantly than in those with low CAVI, although these patients were older. In
the Cox proportional hazards model, CAVI, ISSNHL severity, age, and hypertension were associated with
hearing recovery in ISSNHL. This finding is consistent with that of previous reports, showing that severe
ISSNHL has a poor prognosis [2,28,29]. In the univariate analysis, there were more patients with
accompanying vertigo in the complete recovery or marked improvement groups. However, vertigo was not
associated with outcomes in the multivariate analysis, suggesting that it is less relevant in this context than
other significant covariates. Patients with hypertension had a relatively good hearing prognosis; this finding
supports the hypothesis that patients with a better prognosis had a higher percentage of ISSNHL due to
vascular disorders. The reason why age and CAVI were not significant in the univariate analysis is that these
factors were correlated; therefore, they were considered confounders of each other. However, the prognosis
of ISSNHL worsened with increasing age, and, conversely, it improved with increasing CAVI. Age and CAVI
were significant covariates because confounding was resolved in the multivariate analysis.

This study has some limitations. First, the present findings preclude drawing definitive conclusions about
ISSNHL in patients with high CAVI caused by vascular disorders resulting in good prognosis, in contrast to
those with low CAVI caused by viral infections resulting in poor prognosis. Second, CAVI is an index of
vascular stiffness and elasticity and cannot directly determine any disease etiology.

Conclusions

ISSNHL in patients with high CAVI was more severe but had a better prognosis than that in those with low
CAVI. High CAVI, hypertension, younger age, and initial PTA <90 dB were associated with a good prognosis.
CAVI can be considered an additional indicator for assessing the prognosis of ISSNHL.

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, Yoshihisa Kitazawa, Yuya Tamura,
Tomoe Yoshida, Michiko Uchiyama, Taro Takanami, Toshitake Tanaka, Yoshihiro Ikemiyagi, Fuyuko
Tkemiyagi, Yasushi Ohta

Drafting of the manuscript: Munetaka Ushio

Critical review of the manuscript for important intellectual content: Yoshihisa Kitazawa, Yuya
Tamura, Tomoe Yoshida, Michiko Uchiyama, Taro Takanami, Toshitake Tanaka, Yoshihiro Ikemiyagi, Fuyuko
Tkemiyagi, Yasushi Ohta

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Toho University Sakura
Medical Center Ethics Committee issued approval S21026. 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 CAVI. We thank Drs.
Takuya Okamoto, Kenshiro Taniguchi, Misaki Koyama, Mari Kawashima, Atsushi Kuramochi, Mitsuya Suzuki,
and Hitomi Ikeda, for their cooperation with the survey. We would like to thank Editage (www.editage.com)
for English language editing.

References

2023 Ushio et al. Cureus 15(11): e49400. DOI 10.7759/cureus.49400 10 of 11


javascript:void(0)
javascript:void(0)

Cureus

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Stachler RJ, Chandrasekhar SS, Archer SM, et al.: Clinical practice guideline: sudden hearing loss.
Otolaryngol Head Neck Surg. 2012, 146:S1-35. 10.1177/0194599812436449

Chandrasekhar SS, Tsai Do BS, Schwartz SR, et al.: Clinical practice guideline: sudden hearing loss (update).
Otolaryngol Head Neck Surg. 2019, 161:S1-S45. 10.1177/0194599819859885

Alexander TH, Harris JP: Incidence of sudden sensorineural hearing loss . Otol Neurotol. 2013, 34:1586-9.
10.1097/MA0.0000000000000222

Wu CS, Lin HC, Chao PZ: Sudden sensorineural hearing loss: evidence from Taiwan. Audiol Neurootol. 2006,
11:151-6. 10.1159/000091198

Nosrati-Zarenoe R, Arlinger S, Hultcrantz E: Idiopathic sudden sensorineural hearing loss: results drawn
from the Swedish national database. Acta Otolaryngol. 2007, 127:1168-75. 10.1080/00016480701242477
Nakashima T, Sato H, Gyo K, et al.: Idiopathic sudden sensorineural hearing loss in Japan . Acta Otolaryngol.
2014, 134:1158-63. 10.3109/00016489.2014.919406

Chau JK, Lin JR, Atashband S, Irvine RA, Westerberg BD: Systematic review of the evidence for the etiology
of adult sudden sensorineural hearing loss. Laryngoscope. 2010, 120:1011-21. 10.1002/lary.20873

Merchant SN, Durand ML, Adams JC: Sudden deafness: is it viral?. ORL ] Otorhinolaryngol Relat Spec. 2008,
70:52-60; discussion 60-2. 10.1159/000111048

Lin HC, Chao PZ, Lee HC: Sudden sensorineural hearing loss increases the risk of stroke: a 5-year follow-up
study. Stroke. 2008, 39:2744-8. 10.1161/STROKEAHA.108.519090

VA VA HA, BI TA: Sudden perceptive deafness and viral infection; report of the first one hundred patients.
Ann Otol Rhinol Laryngol. 1957, 66:963-80. 10.1177/000348945706600406

Wackym PA: Molecular temporal bone pathology: II. Ramsay Hunt syndrome (herpes zoster oticus) .
Laryngoscope. 1997, 107:1165-75. 10.1097/00005537-199709000-00003

Mentel R, Kaftan H, Wegner U, Reissmann A, Giirtler L: Are enterovirus infections a co-factor in sudden
hearing loss?. ] Med Virol. 2004, 72:625-9. 10.1002/jmv.20014

Wilson WR, Veltri RW, Laird N, Sprinkle PM: Viral and epidemiologic studies of idiopathic sudden hearing
loss. Otolaryngol Head Neck Surg. 1983, 91:653-8. 10.1177/019459988309100612

Murray CJ, Lopez AD: Alternative projections of mortality and disability by cause 1990-2020: Global Burden
of Disease Study. Lancet. 1997, 349:1498-1504. 10.1016/50140-6736(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

Saji N, Kimura K, Shimizu H, Kita Y: Silent brain infarct is independently associated with arterial stiffness
indicated by cardio-ankle vascular index (CAVI). Hypertens Res. 2012, 35:756-60. 10.1038/hr.2012.20
Nakamura K, Tomaru T, Yamamura S, Miyashita Y, Shirai K, Noike H: Cardio-ankle vascular index is a
candidate predictor of coronary atherosclerosis. Circ J. 2008, 72:598-604. 10.1253/circj.72.598

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

Yamasoba T, Kikuchi S, Sugasawa M, Yagi M, Harada T: Acute low-tone sensorineural hearing loss without
vertigo. Arch Otolaryngol Head Neck Surg. 1994, 120:532-5. 10.1001/archotol.1994.01880290042007
Imamura S, Nozawa I, Imamura M, Murakami Y: Clinical observations on acute low-tone sensorineural
hearing loss. Survey and analysis of 137 patients. Ann Otol Rhinol Laryngol. 1997, 106:746-50.
10.1177/000348949710600906

Shimono M, Teranishi M, Yoshida T, et al.: Endolymphatic hydrops revealed by magnetic resonance imaging
in patients with acute low-tone sensorineural hearing loss. Otol Neurotol. 2013, 34:1241-6.
10.1097/MA0.0b013e3182990e81

Hayashi K, Handa H, Nagasawa S, Okumura A, Moritake K: Stiffness and elastic behavior of human
intracranial and extracranial arteries. ] Biomech. 1980, 13:175-184. 10.1016/0021-9290(80)90191-8
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

Kitoh R, Nishio SY, Ogawa K, et al.: Nationwide epidemiological survey of idiopathic sudden sensorineural
hearing loss in Japan. Acta Otolaryngol. 2017, 137:S8-S16. 10.1080/00016489.2017.1297537

Ceylan A, Celenk F, Kemaloglu YK, Bayazit YA, Goksu N, Ozbilen S: Impact of prognostic factors on recovery
from sudden hearing loss. ] Laryngol Otol. 2007, 121:1035-40. 10.1017/50022215107005683

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

2023 Ushio et al. Cureus 15(11): €49400. DOI 10.7759/cureus.49400

11 0of 11


https://dx.doi.org/10.1177/0194599812436449
https://dx.doi.org/10.1177/0194599812436449
https://dx.doi.org/10.1177/0194599819859885
https://dx.doi.org/10.1177/0194599819859885
https://dx.doi.org/10.1097/MAO.0000000000000222
https://dx.doi.org/10.1097/MAO.0000000000000222
https://dx.doi.org/10.1159/000091198
https://dx.doi.org/10.1159/000091198
https://dx.doi.org/10.1080/00016480701242477
https://dx.doi.org/10.1080/00016480701242477
https://dx.doi.org/10.3109/00016489.2014.919406
https://dx.doi.org/10.3109/00016489.2014.919406
https://dx.doi.org/10.1002/lary.20873
https://dx.doi.org/10.1002/lary.20873
https://dx.doi.org/10.1159/000111048
https://dx.doi.org/10.1159/000111048
https://dx.doi.org/10.1161/STROKEAHA.108.519090
https://dx.doi.org/10.1161/STROKEAHA.108.519090
https://dx.doi.org/10.1177/000348945706600406
https://dx.doi.org/10.1177/000348945706600406
https://dx.doi.org/10.1097/00005537-199709000-00003
https://dx.doi.org/10.1097/00005537-199709000-00003
https://dx.doi.org/10.1002/jmv.20014
https://dx.doi.org/10.1002/jmv.20014
https://dx.doi.org/10.1177/019459988309100612
https://dx.doi.org/10.1177/019459988309100612
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/10.1038/hr.2012.20
https://dx.doi.org/10.1038/hr.2012.20
https://dx.doi.org/10.1253/circj.72.598
https://dx.doi.org/10.1253/circj.72.598
https://dx.doi.org/10.5551/jat.31385
https://dx.doi.org/10.5551/jat.31385
https://dx.doi.org/10.1001/archotol.1994.01880290042007
https://dx.doi.org/10.1001/archotol.1994.01880290042007
https://dx.doi.org/10.1177/000348949710600906
https://dx.doi.org/10.1177/000348949710600906
https://dx.doi.org/10.1097/MAO.0b013e3182990e81
https://dx.doi.org/10.1097/MAO.0b013e3182990e81
https://dx.doi.org/10.1016/0021-9290(80)90191-8
https://dx.doi.org/10.1016/0021-9290(80)90191-8
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/10.1080/00016489.2017.1297537
https://dx.doi.org/10.1080/00016489.2017.1297537
https://dx.doi.org/10.1017/S0022215107005683
https://dx.doi.org/10.1017/S0022215107005683
https://dx.doi.org/10.5551/jat.18796
https://dx.doi.org/10.5551/jat.18796

	High Cardio-Ankle Vascular Index Values in Idiopathic Sudden Sensorineural Hearing Loss Patients Indicate Better Prognosis
	Abstract
	Introduction
	Materials And Methods
	Participants
	Data collection
	Measurement and evaluation of the hearing level
	TABLE 1: Criteria for the grading of hearing loss in ISSNHL
	TABLE 2: Hearing improvement criteria for ISSNHL

	Measurement and evaluation of CAVI
	Statistical analysis

	Results
	FIGURE 1: Patient eligibility and study flow
	Characteristics and test results of the low-CAVI and high-CAVI groups
	TABLE 3: Characteristics and test results of the low-CAVI and high-CAVI groups
	FIGURE 2: Correlation between age and CAVI on the unaffected side
	FIGURE 3: Correlation between age and CAVI on the affected side
	FIGURE 4: Grades of ISSNHL
	FIGURE 5: The level of hearing recovery

	Univariate and multivariate analyses of factors affecting outcomes
	TABLE 4: Univariate analyses of factors between patients with complete recovery or marked improvement in hearing and patients with slight or no improvement
	TABLE 5: Results of the multivariate analysis fitted to the Cox proportional hazards model that contribute to complete recovery or marked improvement in hearing


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


