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Sudden sensorineural hearing loss (SSNHL) patients with vertigo have a poorer prognosis. However, the factors associated with hearing recovery remain uncertain. This retrospective study was to evaluate the association between hearing characteristics/hearing recovery and the patterns of vestibulocochlear lesions in SSNHL patients with vertigo. Patients were classified into groups according to the patterns of vestibular dysfunction. We not only compared hearing characteristics and prognosis among subgroups but also determined the potential association between vestibular lesion location and hearing recovery. The shapes of the audiogram differed significantly between patients with normal vestibular function and patients with vestibular dysfunction (p = 0.022). Patients whose audiogram indicated profound hearing loss were 3.89 times more likely to have vestibular dysfunction than those whose audiogram shape indicated low-frequency hearing loss (95% CI, 1.02–14.86, p = 0.047). Patients who had saccule dysfunction were 0.11 times as likely to have hearing recovery than those who had normal saccule function (95% CI, 0.11–0.31, p = 0.001). When adjusted for sex and age, patients who had saccule dysfunction were 0.07 times as likely to have hearing recovery than those who had normal saccule function (95% CI, 0.02–0.22, p = 0.001). Abnormal results following cVEMP testing may be a potential predictive factor for poor hearing recovery.
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INTRODUCTION

Sudden sensorineural hearing loss (SSNHL) is a disease that is characterized by rapid-onset sensorineural hearing loss of more than 30 dB in at least 3 contiguous audiometric frequencies within 72 h (1). The incidence of SSNHL is approximately 3–27 per 100,000 persons annually, with approximately 66000 new cases per year in the United States (2). The vast majority of cases are unilateral and have additional symptoms, such as tinnitus, vertigo and aural fullness (3, 4). At present, the pathogenesis, clinical manifestations, optimal treatments and prognostic factors of SSNHL remain unclear, with spontaneous recovery rates ranging from 32 to 70% (1, 5).

Due to the close anatomical and phylogenetic association between the cochlea and the vestibular organs, impairment of cochlear function could cause not only SSNHL, but also vestibular disturbance (6, 7). Approximately 30–60% of SSNHL patients also complain about symptom of vertigo, which may appear at the onset of hearing loss or be delayed for hours or even days (1, 8, 9). The presence of vertigo at the time of onset of SSNHL is often regarded as a poor prognosis for hearing recovery (10). However, some SSNHL patients presented vertigo but had mild or moderate hearing loss and a better prognosis. This might suggest the symptom of vertigo was not an independent and determining factor for reflecting the poor prognosis. Recently, some researchers have also found hearing recovery did not differ significantly between SSNHL patients with and without vertigo (11, 12). Vertigo is a symptom of vestibular dysfunction and has been described as a sensation of motion, most commonly rotational motion (13). Any site of vestibular organ disturbance could cause vertigo. Different pathogeneses of SSNHL have been suggested, such as vascular, infectious, oxidative, immunomediated, degenerative, and rupture of the basilar membrane or Reissner's membrane (14–18). Vascular dysfunction was postulated as an important cause of SSNHL because atherosclerotic vascular risk factors and anterior inferior cerebellar artery (AICA) occlusion were tightly associated with SSNHL (19). Different vestibular organs shared different arteries supply with cochlea. Thus, it was reasonable to believe that different patterns of vestibular dysfunction might have different hearing characteristics and prognosis. Research about this was lacking.

Recently, some studies have used vestibular function testing to determine the etiology of SSNHL, such as the caloric test, cervical vestibular-evoked myogenic potential (cVEMP), and ocular vestibular-evoked myogenic potential (oVEMP) (10, 20). The caloric test can be used for exploring lateral semicircular canal function and superior vestibular nerve integrity (21). cVEMP is a method for clinically investigating saccular function and the inferior vestibular pathway, and oVEMP can be used for assessing utricular function and the superior vestibular nerve pathway (22, 23). The combined use of the caloric test, cVEMP and oVEMP has been considered a precise and comprehensive method for locating damaged vestibular regions. A recent study with limited samples indicated extents of profound hearing loss can differ in SSNHL according to patterns of vestibular dysfunction (10). Since severity was tightly associated with prognosis. Thus, we assumed that evaluating the patterns of vestibular dysfunction involved in SSNHL might be useful for the prognostic prediction of hearing loss. To address this issue, we conducted a retrospective study to evaluate the association between hearing characteristics/prognosis and the patterns of vestibular cochlear lesions in SSNHL patients with vertigo.



MATERIALS AND METHODS


Study Design

This retrospective study was approved by the regional ethical standards committee in the First Affiliated Hospital of Zhengzhou University. According to Siegel' criteria of hearing recovery and guideline for sudden hearing loss issued by Chinese Society of Otorhinolaryngology Head and Neck Surgery in 2015 (24, 25), a hearing recovery was defined as an overall magnitude of hearing improvement of at least 15 dB HL; lower levels of improvement were defined as ineffective. We used a test protocol that encompassed the vestibular end organs. Caloric testing was used to assess the lateral semicircular canal. cVEMPs to air-conducted (AC) sound and oVEMPs to bone-conducted (BC) taps were, respectively, used to assess saccular and utricular function. According to Fujimoto's study, we classified patients into different types based on the patterns of vestibular dysfunction (10). All patients presented cochlear damage and were marked C (cochlear) type. Among the C type patients, if a patient presented abnormal cVEMP, oVEMP or caloric responses, we added an S (saccule), U (utricle) or L (lateral semicircular canal). For example, if a patient showed abnormal cVEMPs and oVEMPs but normal caloric responses, we classified the patient as a CSU type. This study consisted of two parts. First, we compared the clinical characteristics, hearing characteristics and hearing recovery between patients with normal vestibular function and patients with vestibular dysfunction and explored the potential hearing factors associated with the presence of vestibular dysfunction. Second, based on the patterns of vestibular dysfunction, the patients were divided into C type, CL type, CU type, CS type, CUL type, CUS type, and CUSL type, and we compared the hearing characteristics and recovery among the subgroups. Finally, we used a logistic regression analysis with two models to investigate the association between the patterns of vestibular dysfunction and hearing recovery.



Patients

We reviewed the clinical records of new, consecutive patients with SSNHL with vertigo visiting the otolaryngological department at the First Affiliated Hospital of Zhengzhou University between January 2016 and December 2018. All included patients went to see a otolaryngologist and received treatment in the otolaryngology inpatient clinic. All patients had detailed history taken and underwent a series of tests, including physical examination, neurotological examination, imaging, hearing, and vestibular testing. Eye movements were observed by means of an infrared charge-coupled device camera and recorded by electronystagmography (ICS CHARTR 200 VEG/ENG, GN Otometrics). Hearing and vestibular tests were performed within 10 days after onset of symptoms. All studied patients received the same treatment plan which was recommended by Chinese Society of Otorhinolaryngology Head and Neck Surgery (24). The detailed treatment plan was as followings: batroxobin (10 units) in 250 mL of solution intravenously every other day, ginaton (gingko biloba extract) (87.5 mg) in 250 mL of solution intravenously every day, and methylprednisolone (40 mg) in 100 mL of solution intravenously every day for 7 days. After treatment and at the 1-month follow-up, they all also underwent a hearing examination. The diagnostic criteria for SSNHL with vertigo included a sensorineural hearing loss of more than 30 dB, occurring in at least 3 contiguous frequencies in <3 days, and a single attack of vertigo occurring almost simultaneously with the onset of hearing loss. Major exclusion criteria included missing hearing or vestibular data, a previous history of SSNHL in either ear, history of fluctuating hearing and vertigo, history of subjective vertigo episodes, Ménière's disease, migraine, history of ear surgery, history of otosclerosis, congenital hearing loss, physical trauma or barotrauma to the ear, history of genetic hearing loss with strong family history, or craniofacial or temporal bone malformations and central neuropathy.



Caloric Testing

Caloric nystagmus was recorded in a darkened room by using electronystagmography (ICS CHARTR 200 VEG/ENG, GN Otometrics). Patients lay in the supine position and kept the lateral semicircular canal in a vertical site. We, respectively, used a constant flow of air at alternating temperatures of 30 and 44°C to irrigate the external auditory canal for 30 s. We used maximal slow phase eye velocity for calculating Canal paresis (CP). We defined an abnormal caloric response by the following criteria: CP percentage >20% (26, 27).



cVEMP Testing

We used surface electrode standing on the upper half of each sternocleidomastoid muscle (SCM), reference electrode placed on the side of the upper sternum and a ground electrode on the chin to record the Electromyographic (EMG) activity. During the recording period, patients stayed in the supine position and were guided to keep their heads raised to shrink the SCM. With the use of Neuropack R, the EMG signal from the stimulated side was amplified and bandpass-filtered (20–2,000 Hz). The stimulation and analysis time were, respectively, 5 Hz and 100 ms. Short tone bursts of 500 Hz (95 dB normal hearing level, 135 dB SPL (peak value), rise/fall time 1 ms, plateau time 2 ms) were also presented. We assessed the latencies and amplitudes of the first positive–negative peaks (p13–n23) of the cVEMP, which were evaluated from the average of two runs. The p13–n23 amplitude on the unaffected side was regarded as Au, and that on the affected side was as Aa. With regard to the assessment of amplitude, the asymmetry ratio for the p13–n23 amplitude (cVEMP AR) was calculated and regarded as 100 [(Au–Aa)/(Aa + Au)]. Based on the data from normal individuals, 34% was the upper limit of the cVEMP AR (28). If reproducible p13–n23 was absent in two runs, we considered it as an “absent response.” If a reproducible p13–n23 appeared and the cVEMP AR (%) was >34%, we considered it as a “decreased response.” Both “decreased response” and “absent response” were considered abnormalities.



oVEMP Testing

Patients stayed in the supine position and were guided to keep their heads supported by a pillow. We placed surface EMG electrodes on the skin 1 cm below (active) and 3 cm below (indifferent) the center of every lower eyelid, and placed ground electrode on the chin. During the testing period, individuals looked up about 30 degrees straight ahead and held their focus on a small dot approximately 1 m from their eyes. The signals were magnified by an amplifier with the bandwidth of 0.5–500 Hz. The unadjusted signals were averaged (n = 50) by Neuropack R. A hand-held 4810 Mini-shaker (Bruel and Kjaer, Naerum, Denmark) with a short rod placed perpendicularly on the forehead at the hairline transferred a BCV stimuli with a 4 ms tone bursts of 500 Hz frequency, in which rise/fall time was 1 ms and plateau time was 2 ms. The peak driving voltage was 80 V and peak force was 128 dB re 1 lN. The applied stimuli and analysis time window were, respectively, 3 times per second and 50 ms. The means of two sets of 50 stimuli each were calculated. We conducted the consecutive runs to affirm the reproducibility of the oVEMP responses. The first negative peak (nI) latency, the subsequent positive peak (pI) latency, and the amplitude between nI and pI were determined from the means of two runs. The nI–pI amplitude on the unaffected side was defined as Au, and that on the affected side was as Aa. With regard to the assessment of amplitude, the asymmetry ratio for nI–pI amplitude (oVEMP AR) was calculated and regarded as 100 [(Au–Aa)/(Aa + Au)]. We used responses recorded from the eye contralateral to the stimulation site to determine the oVEMP AR. Based on the results from normal individuals, 27.3 for the oVEMPs to BCV was the upper limit of normal oVEMP AR (29). If reproducible nI–pI was absent in two runs, we considered it as an “absent response.” If a reproducible nI–pI appear and the cVEMP AR (%) was >27.3, we considered it as a “decreased response.” Both “decreased response” and “absent response” were considered abnormalities.



Pure Tone Audiogram

We categorized the pure tone audiogram as four types, such as high- or low-frequency hearing loss, flat-type hearing loss, or profound hearing loss. Patients whose average hearing loss at 4–8 kHz was 30 dB larger than that at 0.25–0.5 kHz was defined as high-frequency hearing loss group. Patients whose average hearing loss at 0.25–0.5 kHz was 30 dB larger than that at 4–8 kHz was defined as low-frequency hearing loss group. Patients whose difference between the worst and best hearing levels was <20 dB among six frequencies of 0.25, 0.5, 1, 2, 4, and 8 kHz was defined as flat-type hearing loss group. In the profound hearing loss group, at least 2 frequencies indicated scale-off, and the hearing level was <10 dB than the maximum sound level produced by the audiometer at all six frequencies. The pure tone average (PTA) was calculated with the thresholds at 0.25, 0.5, 1, 2, and 4 kHz.



Statistical Analysis

SPSS software (version 21.0, SPSS) was used for statistical analyses. For categorical data, frequencies and percentages were calculated to describe the distributions of subgroups among patients according to sex, tinnitus, aural fullness, location of damaged ear, history of diabetes or hypertension, characteristics of the audiogram, duration of vertigo, presence of positional nystagmus, and prognosis effect (recovery). Categorical data were compared with a chi-squared test or Fisher's exact test if appropriate. Means (± SD) were used to summarize the average levels of quantitative data, such as age, time between onset of hearing loss and treatment, and hearing threshold. The Shapiro-Wilk test was used to examine whether the measured values could be approximated by a normal distribution. Quantitative data that were distributed normally were compared by two-sample t-test or ANOVA; those that were distributed non-normally were compared by the Wilcoxon signed-rank test. A logistic regression analysis was conducted, and odds ratios (ORs) were calculated for hearing threshold and type of audiogram variables to determine which variables predicted vestibular dysfunction. A multivariable logistic regression analysis, in which age, sex, and patterns of vestibular dysfunction, such as saccule, utricle and lateral semicircular canal, were included as covariates, was used to assess the association between these independent factors and the prognostic effect in SSNHL patients with vertigo. The binary outcome for the logistic regression referred to prognostic effect (effective or ineffective). The 15 dB HL improvement in the PTA was defined as effective. The logistic regression analysis was performed with two models, an unadjusted analysis model and an adjusted analysis model that was adjusted for age and sex. ORs and 95% confidence intervals were calculated according to model-variable coefficients and standard errors, respectively. All p-values of <0.05 were considered to indicate statistical significance.




RESULTS


Hearing Characteristics and Prognosis of SSNHL Patients With Vertigo

During the study period, 232 SSNHL patients who also complained of vertigo were included. Among these patients, 156 patients met the inclusion criteria, and 76 were excluded according to the exclusion criteria (detailed data in Figure 1). The mean (SD) age of the patients was 43.28 ± 14.35 years, and 54.5% were women. Tinnitus and aural fullness were present in 95.5% patients and 69.9% patients, respectively. The average hearing threshold of the affected ear was 67.60 ± 26.92 dB. The mean timing of initial and post-treatment audiogram were 2.53 ± 1.97 and 31.54 ± 3.35 days, respectively. After analyzing the audiogram, 7.1% indicated low-frequency hearing loss, 16.7% high-frequency hearing loss, 32.7% flat-type hearing loss, and 43.6% profound hearing loss. All patients underwent vestibular tests, including caloric testing, cVEMP and oVEMP; 74.4% of patients presented vestibular dysfunction, 60.9% of patients showed abnormal caloric testing, 66.0% of patients showed abnormal oVEMP, and 39.7% of patients showed abnormal cVEMP.


[image: Figure 1]
FIGURE 1. Flow diagram showing study patients screening, eligibility, and inclusion.


Further analysis between patients with normal vestibular function and patients with vestibular dysfunction was shown in Table 1. Age, sex, PTA s of the affected ear and unaffected ear, duration of vertigo, presence of tinnitus, aural fullness and positional nystagmus, and recovery of hearing did not differ significantly between patients with vestibular dysfunction and patients with normal vestibular function. However, the audiogram shapes of flat type and profound hearing loss differed significantly (p = 0.006 and p = 0.001) (Table 1).


Table 1. Baseline. hearing and prognosis characteristics of SSNHL patients with vertigo.
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Association Between Hearing Characteristics and the Abnormal Vestibular Tests

Logistic regression analysis was used to assess the potential association between hearing characteristics and the presence of vestibular dysfunction in SSNHL patients with vertigo. Patients whose audiogram indicated profound hearing loss were 3.89 times more likely to have vestibular dysfunction than those whose audiogram shape indicated low-frequency hearing loss (95% CI, 1.02–14.86, p = 0.047). Age, sex, initial PTA of the affected ear, aural fullness and tinnitus were not significantly associated with the presence or absence of vestibular dysfunction (Table 2).


Table 2. Association between hearing characteristics and the abnormal vestibular tests.
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Hearing and Prognosis Characteristics of Subgroups According to Patterns of Vestibular Dysfunction

According to the patterns of vestibular dysfunction, patients were divided into different subtypes. A total of 24.4% were C, 7.1% were CL, 2.6% were CS, 5.1% were CU, 23.7% were CUL, 7.7% were CUS, and 29.5% were CUSL type. Clinical characteristics, hearing characteristics and prognosis were analyzed in these groups (Table 3). Among the vestibular subgroups, age, sex, PTA of the affected ear, symptoms of aural fullness and tinnitus did not differ significantly, but the shapes of the audiogram differed significantly (p = 0.002). After treatment for 2 weeks, hearing recovery differed significantly in these subgroups (p = 0.001). The percentages of recovery in the C type, CL type, CS type, CU


Table 3. Hearing and prognosis characteristics of subgroups according to patterns of vestibular dysfunction.
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type, CUL type, CUS type, and CUSL type patients were 26.8, 63.3, 0.00, 50.0, 43.2, 8.3, and 8.7%, respectively (Table 3).



Association Between Locations of Vestibular Dysfunction and Prognosis

In this study, we used a logistic regression analysis to explore the association between the locations of vestibular dysfunction and hearing recovery. Two models were used for this analysis. Model 1 was not adjusted for sex and age, and model 2 was adjusted for sex and age. In model 1, younger patients seemed to be more likely to recover hearing (OR, 0.96; 95% CI, 0.93–0.98 p = 0.001). Patients who had saccule dysfunction were 0.11 times as likely to recover hearing than those who had normal saccule function (95% CI, 0.11–0.31, p = 0.001). Patients who had utricle dysfunction were 0.49 times as likely to recover hearing than those who had normal utricle function (95% CI, 0.24–1.00, p = 0.048). Sex and lateral semicircular canal dysfunction were not significantly associated with hearing recovery. In model 2, patients who had saccule dysfunction were 0.07 times as likely to recover hearing than those who had normal saccule function (95% CI, 0.02–0.22, p = 0.001). However, utricle dysfunction and lateral semicircular canal dysfunction were not significantly associated with hearing recovery (Table 4).


Table 4. Association between locations of vestibular dysfunction and prognosis.
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DISCUSSION

In this study, using logistic regression analysis models, we found that vestibular dysfunction was more likely to appear in patients whose audiogram indicated profound hearing loss. In addition, the presence of saccule dysfunction could decrease the possibility of hearing recovery. Our results indicated that saccule function might be a potential factor associated with hearing recovery in SSNHL patients with vertigo.

Many histopathological case studies have been conducted to explore the pathogenesis of SSNHL with vertigo, but their results have been always controversial. Khetarpal et al. (30) reported that vertigo in SSNHL did not result from structural changes in the mechanoreceptors or their nerve but was possibly caused by biochemical changes in the fluids of inner ear. Inagaki et al. (31) and Yoon et al. (32) found that atrophy of the vestibular organs was most frequently present in SSNHL patients. In this study, we used vestibular function tests and found that approximately 74.4% of SSNHL patients with vertigo had vestibular dysfunction while the remaining 25.6% did not. This may suggest that the symptom of vertigo appearing in SSNHL may not actually reflect the presence of vestibular dysfunction.

In this study, we compared the hearing characteristics and prognosis between patients with vestibular dysfunction and patients with normal vestibular function and found that they did not differ significantly in terms of hearing recovery. This might suggest that vestibular function might not be a predictive factor associated with hearing recovery. Our study also suggested that the initial hearing level did not differ significantly between patients with normal vestibular function and patients with vestibular dysfunction, which was consistent with previous studies. Ogawa et al. (33) investigated the association between cVEMP and grade of hearing and found no significant association between initial hearing and cVEMP in 57 SSNHL patients. Nagai et al. (34) discovered that it could not differ significantly between oVEMP and the severity of initial hearing. However, the shapes of the audiogram differed significantly between patients with vestibular dysfunction and patients with normal vestibular function in this study. Subsequently, we used a logistic regression analysis to investigate the potential association between the shapes of the audiogram and the presence of vestibular dysfunction. We found that audiogram indicative of profound hearing loss were potential factors for predicting vestibular dysfunction. Korres et al. (6) also reported a significant association between abnormal VEMP tests and profound hearing loss in 104 SSNHL patients. Thus, in our view, predicting abnormal vestibular function should be based on the shapes of the audiogram, particularly for profound hearing loss, rather than the PTA of the affected ear.

Caloric testing, cVEMP and oVEMP have been used for assessing peripheral vestibular function. Caloric testing was used to clinically assess the lateral semicircular canal; cVEMP and VEMP were used to reflect the function of the saccule and utricle, respectively (10). In this study, we classified the patients into different subgroups according to the patterns of vestibular dysfunction and further analyzed the hearing characteristics to explore their association with patterns of vestibular dysfunction. More cases of vestibular dysfunction appeared in the lateral semicircular canal and utricle than in the saccule. This result was inconsistent with Fujimoto's study, which indicated atrophy of the saccular macula was most frequently present in the vestibular organs of SSNHL patients. They attributed this phenomenon to the anatomy of the saccule in its proximity to the cochlea (10). Our results can be explained by anatomy and pathogenesis. The superior vestibular nerve characterized by longer and narrowed bony canal showed more susceptible to possible ischemic labyrinthine changes or other entrapments when compared with the inferior vestibular nerve or singular nerves (35, 36). In addition, vascular insults have been regarded as one major cause of SSNHL (4). Kim et al. (37) reported that the cochlea and the cristae of the horizontal semicircular canals and utricle developed degenerative changes while the posterior canal ampulla and saccular macula were relatively preserved and proposed that a partial sparing of the inferior vestibular labyrinth might indicate a decreased vulnerability to ischemia due to its better collateral blood supply.

In the present study, 56.2% of CUSL-type patients showed profound hearing loss. Fujimoto et al. conducted a study with a limited number of patients, indicating that profound hearing loss was present in 38% of CUSL patients (10). This might mean that the more extensive the vestibular lesion was, the more severe the hearing loss might be.

Vertigo is a symptom of vestibular dysfunction and has been described as a sensation of motion, most commonly rotational motion (13). A large number of studies have investigated the role of vertigo in SSNHL patients for predicting prognosis and found that SSNHL patients complaining of vertigo might have a poor prognosis for hearing recovery due to their poor hearing (38, 39). However, studies exploring hearing recovery in SSNHL patients with vertigo were rather limited. In the present study, using logistic regression analysis, we found that patients who had saccule dysfunction were less likely to recover than those who had normal saccule function (OR, 0.11; 95% CI, 0.04–0.31; p = 0.001; adjusted model, OR, 0.07; 95% CI, 0.02–0.22; p = 0.001). This result was consistent with a recent meta-analysis, which reported that the pooled hearing recovery in the abnormal cVEMP response group was nearly half that of the recovery in the normal cVEMP response group (7). Saccules have a better collateral blood supply than other vestibular end organs. When the saccule is damaged, this may suggest that the degree of cochlear damage is severe. The more severe the cochlear damage is, the poorer the hearing recovery may be. This is in contrast with Niu's study, which suggests that lateral semicircular canal function may be related to the severity of cochlear damage due to the more profound hearing loss appearing in patients with an abnormal caloric test (8). Our results indicate that abnormal results from cVEMP testing may be a potential predictor of the impossibility of hearing recovery.

Our study may have several limitations. First, it is difficult to maintain homogeneous sample in each subcategory in this retrospective study, which may have caused selection bias and information bias. Second, vestibular tests were not carried out at SSNHL onset, and some patients were admitted to the hospital days later. Vestibular function might have recovered before the vestibular tests were performed. This may have increased the number of patients with normal vestibular function. Third, we did not assess the functions of the anterior and posterior semicircular canals in this study. Those patients who were classified as C type might have also had dysfunction of the anterior and posterior semicircular canals. In addition, before going to the hospital, the patients did not undergo vestibular tests, and thus we did not know if the results would have been abnormal.

In conclusion, the percentages of abnormal vestibular responses in SSNHL patients with vertigo were highest in caloric testing, followed by oVEMP and cVEMP. Abnormal cVEMP testing may be a potential predictive examination for poor hearing recovery.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the regional ethical standards committee in the First Affiliated Hospital of Zhengzhou University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

YW built the models, analyzed the data, and drafted the manuscript. LW and FY were involved in reviewing the manuscript. LY was the principal investigator and managed the study. All authors read and approved the final manuscript.



ACKNOWLEDGMENTS

We wish to thank all the patients included in this study and all the project coordinators for collecting the data.



REFERENCES

 1. Chandrasekhar SS, Tsai DB, Schwartz SR, Bontempo LJ, Faucett EA, Finestone SA, et al. Clinical practice guideline: sudden hearing loss (update). Otolaryngol Head Neck Surg. (2019) 161:S1–45. doi: 10.1177/0194599819859885

 2. Alexander TH, Harris JP. Incidence of sudden sensorineural hearing loss. Otol Neurotol. (2013) 34:1586–9. doi: 10.1097/MAO.0000000000000222

 3. Tunkel DE, Bauer CA, Sun GH, Rosenfeld RM, Chandrasekhar SS, Cunningham EJ, et al. Clinical practice guideline: tinnitus. Otolaryngol Head Neck Surg. (2014) 151:S1–40. doi: 10.1177/0194599814545325

 4. Schreiber BE, Agrup C, Haskard DO, Luxon LM. Sudden sensorineural hearing loss. Lancet. (2010) 375:1203–11. doi: 10.1016/S0140-6736(09)62071-7

 5. Mattox DE, Simmons FB. Natural history of sudden sensorineural hearing loss. Ann Otol Rhinol Laryngol. (1977) 86:463–80. doi: 10.1177/000348947708600406

 6. Korres S, Stamatiou GA, Gkoritsa E, Riga M, Xenelis J. Prognosis of patients with idiopathic sudden hearing loss: role of vestibular assessment. J Laryngol Otol. (2011) 125:251–7. doi: 10.1017/S0022215110002082

 7. Yu H, Li H. Vestibular dysfunctions in sudden sensorineural hearing loss: a systematic review and meta-analysis. Front Neurol. (2018) 9:45. doi: 10.3389/fneur.2018.00045

 8. Niu X, Zhang Y, Zhang Q, Xu X, Han P, Cheng Y, et al. The relationship between hearing loss and vestibular dysfunction in patients with sudden sensorineural hearing loss. Acta Otolaryngol. (2016) 136:225–31. doi: 10.3109/00016489.2015.1110750

 9. Rauch SD. Clinical practice. Idiopathic sudden sensorineural hearing loss. N Engl J Med. (2008) 359:833–40. doi: 10.1056/NEJMcp0802129

 10. Fujimoto C, Egami N, Kinoshita M, Sugasawa K, Yamasoba T, Iwasaki S. Involvement of vestibular organs in idiopathic sudden hearing loss with vertigo: an analysis using oVEMP and cVEMP testing. Clin Neurophysiol. (2015) 126:1033–8. doi: 10.1016/j.clinph.2014.07.028

 11. Wen YH, Chen PR, Wu HP. Prognostic factors of profound idiopathic sudden sensorineural hearing loss. Eur Arch Otorhinolaryngol. (2014) 271:1423–9. doi: 10.1007/s00405-013-2593-y

 12. Cho CS, Choi YJ. Prognostic factors in sudden sensorineural hearing loss: a retrospective study using interaction effects. Braz J Otorhinolaryngol. (2013) 79:466–70. doi: 10.5935/1808-8694.20130083

 13. Yu H, Li H. Association of vertigo with hearing outcomes in patients with sudden sensorineural hearing loss: a systematic review and meta-analysis. JAMA Otolaryngol Head Neck Surg. (2018) 144:677–83. doi: 10.1001/jamaoto.2018.0648

 14. Merchant SN, Adams JC, Nadol JJ. Pathology and pathophysiology of idiopathic sudden sensorineural hearing loss. Otol Neurotol. (2005) 26:151–60. doi: 10.1097/00129492-200503000-00004

 15. Linthicum FJ, Doherty J, Berliner KI. Idiopathic sudden sensorineural hearing loss: vascular or viral? Otolaryngol Head Neck Surg. (2013) 149:914–7. doi: 10.1177/0194599813506546

 16. Becatti M, Marcucci R, Mannucci A, Gori AM, Giusti B, Sofi F, et al. Erythrocyte membrane fluidity alterations in sudden sensorineural hearing loss patients: the role of oxidative stress. Thromb Haemost. (2017) 117:2334–45. doi: 10.1160/TH17-05-0356

 17. Yehudai D, Shoenfeld Y, Toubi E. The autoimmune characteristics of progressive or sudden sensorineural hearing loss. Autoimmunity. (2006) 39:153–8. doi: 10.1080/08916930500499599

 18. Simmons FB. Theory of membrane breaks in sudden hearing loss. Arch Otolaryngol. (1968) 88:41–8. doi: 10.1001/archotol.1968.00770010043009

 19. Kim C, Sohn JH, Jang MU, Hong SK, Lee JS, Kim HJ, et al. Ischemia as a potential etiologic factor in idiopathic unilateral sudden sensorineural hearing loss: analysis of posterior circulation arteries. Hear Res. (2016) 331:144–51. doi: 10.1016/j.heares.2015.09.003

 20. Quaranta N, Longo G, Dadduzio S, Squeo V, Scarano E, Picciotti PM. Ocular and cervical vestibular-evoked myogenic potentials in idiopathic sudden sensorineural hearing loss (ISSHL) without vertigo: VEMPs in ISSHL. Eur Arch Otorhinolaryngol. (2020) 277:409–14. doi: 10.1007/s00405-019-05724-x

 21. Shepard NT, Jacobson GP. The caloric irrigation test. Handb Clin Neurol. (2016) 137:119–31. doi: 10.1016/B978-0-444-63437-5.00009-1

 22. Kantner C, Gurkov R. Characteristics and clinical applications of ocular vestibular evoked myogenic potentials. Hear Res. (2012) 294:55–63. doi: 10.1016/j.heares.2012.10.008

 23. Welgampola MS, Colebatch JG. Characteristics and clinical applications of vestibular-evoked myogenic potentials. Neurology. (2005) 64:1682–8. doi: 10.1212/01.WNL.0000161876.20552.AA

 24. Editorial Board of Chinese Journal of Otorhinolaryngology Head and Neck Surgery. [Guideline of diagnosis and treatment of sudden deafness (2015)]. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi. (2015) 50:443–7.

 25. Siegel LG. The treatment of idiopathic sudden sensorineural hearing loss. Otolaryngol Clin North Am. (1975) 8:467–73. doi: 10.3760/cma.j.issn.1673-0860.2015.06.002

 26. Iwasaki S, Takai Y, Ito K, Murofushi T. Abnormal vestibular evoked myogenic potentials in the presence of normal caloric responses. Otol Neurotol. (2005) 26:1196–9. doi: 10.1097/01.mao.0000194890.44023.e6

 27. Fujimoto C, Murofushi T, Chihara Y, Suzuki M, Yamasoba T, Iwasaki S. Novel subtype of idiopathic bilateral vestibulopathy: bilateral absence of vestibular evoked myogenic potentials in the presence of normal caloric responses. J Neurol. (2009) 256:1488–92. doi: 10.1007/s00415-009-5147-x

 28. Murofushi T, Matsuzaki M, Wu CH. Short tone burst-evoked myogenic potentials on the sternocleidomastoid muscle: are these potentials also of vestibular origin? Arch Otolaryngol Head Neck Surg. (1999) 125:660–4. doi: 10.1001/archotol.125.6.660

 29. Iwasaki S, Smulders YE, Burgess AM, McGarvie LA, Macdougall HG, Halmagyi GM, Curthoys IS. Ocular vestibular evoked myogenic potentials in response to bone-conducted vibration of the midline forehead at Fz. A new indicator of unilateral otolithic loss. Audiol Neurootol. (2008) 13:396–404. doi: 10.1159/000148203

 30. Khetarpal U. Investigations into the cause of vertigo in sudden sensorineural hearing loss. Otolaryngol Head Neck Surg. (1991) 105:360–71. doi: 10.1177/019459989110500303

 31. Inagaki T, Cureoglu S, Morita N, Terao K, Sato T, Suzuki M, et al. Vestibular system changes in sudden deafness with and without vertigo: a human temporal bone study. Otol Neurotol. (2012) 33:1151–5. doi: 10.1097/MAO.0b013e3182635440

 32. Yoon TH, Paparella MM, Schachern PA, Alleva M. Histopathology of sudden hearing loss. Laryngoscope. (1990) 100:707–15. doi: 10.1288/00005537-199007000-00006

 33. Ogawa Y, Otsuka K, Shimizu S, Inagaki T, Kondo T, Suzuki M. Subjective visual vertical perception in patients with vestibular neuritis and sudden sensorineural hearing loss. J Vestib Res. (2012) 22:205–11. doi: 10.3233/VES-2012-0447

 34. Nagai N, Ogawa Y, Hagiwara A, Otsuka K, Inagaki T, Shimizu S, et al. Ocular vestibular evoked myogenic potentials induced by bone-conducted vibration in patients with unilateral inner ear disease. Acta Otolaryngol. (2014) 134:151–8. doi: 10.3109/00016489.2013.844361

 35. Goebel JA, O'Mara W, Gianoli G. Anatomic considerations in vestibular neuritis. Otol Neurotol. (2001) 22:512–8. doi: 10.1097/00129492-200107000-00018

 36. Gianoli G, Goebel J, Mowry S, Poomipannit P. Anatomic differences in the lateral vestibular nerve channels and their implications in vestibular neuritis. Otol Neurotol. (2005) 26:489–94. doi: 10.1097/01.mao.0000169787.99835.9f

 37. Kim JS, Lopez I, DiPatre PL, Liu F, Ishiyama A, Baloh RW. Internal auditory artery infarction: clinicopathologic correlation. Neurology. (1999) 52:40–4. doi: 10.1212/wnl.52.1.40

 38. Ceylan A, Celenk F, Kemaloglu YK, Bayazit YA, Goksu N, Ozbilen S. Impact of prognostic factors on recovery from sudden hearing loss. J Laryngol Otol. (2007) 121:1035–40. doi: 10.1017/S0022215107005683

 39. Kuhn M, Heman-Ackah SE, Shaikh JA, Roehm PC. Sudden sensorineural hearing loss: a review of diagnosis, treatment, and prognosis. Trends Amplif . (2011) 15:91–105. doi: 10.1177/1084713811408349

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Wang, Wang, Jing, Yu and Ye. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-11-579757-t004.jpg
Patients, No. (%)

Variable Ineffective group (n = 110)  Effective group (n = 46)
Age, mean, year 45.98 + 12.99 36,83 + 1551
Women, No. (%) 56 (50.9) 29 (63.0)
Vestibular dysfunction location, No. (%)

Lsc 68 (61.8) 27 (88.7)

sA 57(518) 5(10.9)

ut 78 (70.9) 25 (54.9)

LSC, Lateral semicircular canal: SA, Saccule; UT, Utricule.

Model 1

OR (95% Cl)

0.96 (0.93,0.98)
1.65 (081, 3.33)

0.88 (0.4, 1.77)
0.11(0.04,031)
0.49 (0.24, 1.00)

P-value

0.001
0.167

0.716
0.001
0.048

Model 2

OR(95%Cl)  P-value

067(0.82,1.40) 0290
007 (0.02,022)  0.001
052(0.24,1009) 0084





OPS/images/fneur-11-579757-t002.jpg
Variables

Increasing age-per year

Women

Increasing initial pure tone average-per dB
Shapes of audiogram

Low-tone hearing loss

High-tone hearing loss

Flat type

Profound loss

Aural fullness

Tinnitus

OR (95% Cl)

1.01(099, 1.04)
1.28(0.62, 2.62)
1.00 (099, 1.02)

q
458 (0.98, 22.59)
1.40(0.38, 5.20)
3.89(1.02, 14.86)
1.35(0.63, 2.91)
1.17 (022, 6.27)

P-value

0.383
0.509
0.649

0.061
0.614
0.047
0.437
0.856





OPS/images/fneur-11-579757-t003.jpg
Characteristics C group CL group s group CUgroup  CULGroup  CUSgroup  CUSLGroup P-value

(n=38) (n=11) (=4 (h=8) (n=37) (h=12) (n = 46)
Age, mean, year 4240 £14.08 86271539 4350+1156 87.63+ 1641 47.78+1238 8667+1390 4502+ 1491  0.069
Women, No. (%) 18(47.4) 9819 1(25.0) 5(62.5) 16(43.2) 10 (83.3) 26(56.5) 0.069
Left affected ear, No. (%) 25 (65.8) 5(45.5) 0(0.0) 5(62.5) 17 45.9) 9(75.0) 21(45.7) 0072
Pure tone average, mean, dB
Affected ear 68.66+£2530 58413456 6683+£2253 58968533 6567 £2558 77.15+2251 7042+£27.39  0.626
Shapes of audiogram, No. (%)
Low-tone hearing loss 3(7.9) 4(36.4) 0(0.0) 1(12.5) 2(5.4) 183) 0(0.0)
High-tone hearing loss 4(10.5) 10.19) 3(75.0) 1(12.5) 6(16.2) 2(16.7) 9(19.6) 0.002
Flat type 19(50.0) 10.1) 0(0.0) 2(250) 15 (40.5) 3(25.0) 11(239)
Profound loss 12(316) 5(45.5) 1(25.0) 4(50.0) 14(37.8) 6(50.0) 26(56.2)
Other aural symptom, No. (%)
Aural fullness 26 (68.4) 8(72.7) 3(75.0) 4(50.0) 29 (78.4) 9(75.0) 30(65.2) 0.740
Tinnitus 36(94.7) 11(100.0) 4(100.0) 7(87.5) 33(89.2) 12(100.0) 46 (100.0) 0228
Duration of vertigo No. (%)
<1 day 7(18.4) 10.1) 0(0.0) 1(12.5) 4(10.8) 2(167) 12(26.1)
1-7 days 26(68.4) 4(36.4) 4(100.0) 6(75.0) 22(59.5) 7(683) 27 (68.7) 0.144
>7 day 5(13.2) 6(54.5) 0(0.0) 1(12.5) 11(207) 3(25.0) 7(152)
Positional nystagmus No. (%) 12(31.6) 3(7.3) 4(100) 3(37.6) 11(29.7) 3(25.0) 17 (87.0) 0.171

Prognosis, No. (%)
Recovery 14(268) 7(636) 0(0.0) 4(500) 1643.2) 103 487) 0.001





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association Between Hearing Characteristics/Prognosis and Vestibular Function in Sudden Sensorineural Hearing Loss With Vertigo



		Introduction



		Materials and Methods



		Study Design



		Patients



		Caloric Testing



		cVEMP Testing



		oVEMP Testing



		Pure Tone Audiogram



		Statistical Analysis







		Results



		Hearing Characteristics and Prognosis of SSNHL Patients With Vertigo



		Association Between Hearing Characteristics and the Abnormal Vestibular Tests



		Hearing and Prognosis Characteristics of Subgroups According to Patterns of Vestibular Dysfunction



		Association Between Locations of Vestibular Dysfunction and Prognosis







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Association Between Hearing
Characteristics/Prognosis and
Vestibular Function in Sudden
Sensorineural Hearing Loss With
Vertigo





OPS/images/fneur-11-579757-g001.gif
698 SSNHL patients screened for eligibity

66 Excodod tom gty avsessment 0 v
compisnotverioo)

167 sssossed fo data avalabity

gy
B earg dua msing o sinonn
{12 Mies VRN oVENP o colo tstng
7Lef agast modial advie
4 Transired fom an osptal.

158 included In ths study.






OPS/images/fneur-11-579757-t001.jpg
Characteristics Al studied patients Patients with normal Patients with vestibular P-value

(n = 156) vestibular function dysfunction
(n = 40) (n=116)

Age, mean, year 4328 +14.35 4158+ 14.14 43.87 + 14.44 0.385

Women, No. (%) 85 (54.5) 20(50.0) 65 (56.0) 0509

Left affected ear 82 (52.6) 26(65.0) 56(48.3) 0.068

Pure tone average, mean, dB

Affected ear 67.60 + 26.92 65.94 + 27.42 68,18 + 26,84 0652

Unafected ear 27.00 +17.19 28.98.+2035 26.44 + 16.00 0.422

Tirming of nitial audiogram, mean, day 253+ 197 275236 2.5+ 1.82 0.406

Shapes of audiogram, No. (%)

Low-tone hearing loss. (7.0 5(125) 6(52) 0.119

High-tone hearing loss 26 (16.7) 4(10.0) 22(19.0) 0.190

Flat type 51(32.7) 1947.5) 32(27.6) 0.001

Profound loss 68 (43.6) 12(30.0) 56 (48.3) 0.006

Other aural symptom, No. (%)

Aural fullness 109 (69.9) 26(65.0) 83(71.6) 0.436

Tinnitus 149 (95.5) 3895.0) 111(95.7) 0.856

Duration of vertigo No. (%)

<1 day 27(17.9) 8(20.0) 19 (16.4)

1-7 days 96(61.5) 26 (65.0) 70(60.3) 0524

>7 day 33(21.2) 6(15.0) 27(23.3)

Positional nystagmus No. (%) 53(34.0) 13(32.5) 40 (34.5) 0819

Hypertension, No. (%) 28(17.9) 9(225) 19 (16.4) 0.384

Diabetes, No. (%) 14 (9.0) 5(12.5) 9(7.8) 0.353

Tirming of post-treatment audiogram, mean, day 31.54+3.35 31.21 £305 31.65+38.45 0478

Prognosis, No. (%)

Recovery 46 (29.5) 16 (40.0) 30(19.2) 0.001
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