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Backgrounds: Studies on risk factors influencing the prognosis of patients with sudden onset deafness are lacking.

Methods: From March 2018 to March 2021, 500 patients, from the Tongde Hospital in Zhejiang Province, with sudden onset deafness were enrolled. We collected clinical information from the hospital medical records, including certain demographic characteristics, information related to sudden-onset deafness, and laboratory parameters. Univariate and multivariate analyses were performed to determine independent prognostic risk factors for patients with sudden deafness. Additionally, we also employed orthogonal partial least squares discriminant analysis (OPLS-DA) to analyze the data of these enrolled patients.

Results: The baseline clinical characteristics of the enrolled patients were analyzed. Based on their prognoses, the included patients were divided into the overall effective and ineffective groups. Between these two groups, the univariate and multivariate analyses were performed. Age, type of hearing curve at the initial diagnosis, acute phase, and sudden deafness site were found to be independently associated with the prognoses of patients with sudden deafness (all P < 0.05). Through the OPLS-DA, the sudden deafness site was found to be an indicator with the highest predictive power.

Conclusions: Age, type of hearing curve at the initial diagnosis, acute phase, and sudden deafness site were all independently correlated with the prognoses of patients with sudden deafness and, therefore, need to be emphasized.
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INTRODUCTION

Sudden deafness, also known as idiopathic sudden deafness, refers to sudden and unexplained sensorineural hearing loss (1). In recent times, the incidence of sudden deafness is on the rise (2). Although large sample epidemiological data are lacking, the incidence of sudden deafness has been increasing in China in recent years (3). The incidence of sudden deafness in the United States ranges from 5 to 27 people per 100,000, and approximately 66,000 new cases are reported annually (4). The incidence of sudden deafness in Japan was 27.5 persons per 100,000 in 2001, and it shows an increasing year-on-year trend (5). The incidence reported in the German guidelines for sudden deafness in 2004 was 20 per 100,000, which increased to 160–400 per 100,000 per year in 2011 (6).

The etiology and pathophysiological mechanism underlying sudden deafness remains unclear. Local and systemic factors may lead to sudden onset deafness (7, 8). Common causes include vascular diseases, viral infection, autoimmune diseases, and so on (9). Mental tension, pressure, mood swings, irregular life, and sleep disorders also underlie the main causes of sudden onset deafness (10, 11). Currently, the recognized pathogenesis includes inner ear vasospasm, stria vascular dysfunction, vascular embolism or thrombosis, membrane labyrinth hydrops, and hair cell injury (12, 13).

The clinical manifestations of patients with sudden onset deafness include sudden hearing loss, tinnitus, ear fullness, dizziness, hyperacusis, and paresthesia around the ear (14, 15). Some patients even face psychological symptoms, such as anxiety and sleep disorder, which affect their quality of life (16, 17). Nowadays, several prognostic factors may affect the prognoses of patients with sudden onset deafness. Several previous studies have focused on the factors influencing different diseases from multiple perspectives (18–20). Nevertheless, the research on risk factors influencing the prognosis of patients with sudden onset deafness is incomplete. Therefore, we examined the independent risk factors for the treatment of patients with sudden deafness in a clinical cohort to provide new directions and insights into the treatment and prognosis of sudden deafness.



PATIENTS AND METHODS


Patients

From March 2018 to March 2021, 500 patients who met the inclusion criteria for sudden deafness were enrolled at the Tongde Hospital in Zhejiang Province. Inclusion criteria for sudden deafness were as follows (21): (1) sensorineural hearing loss occurred suddenly within 72 h, with hearing loss of ≥ 20 dBHL in at least two adjacent frequencies, mostly unilateral, and a few cases could occur bilaterally or sequentially; (2) no clear etiology was found, including systemic or local factors; (3) patients may be accompanied by tinnitus, ear fullness, and paresthesia around the ear; and (4) patients may be accompanied by dizziness, nausea, and vomiting. Exclusion criteria were as follows: (1) patients who did not meet the above inclusion criteria; (2) those with organic lesions of the middle ear; (3) cases of sudden deafness and pregnant women suffering from systemic diseases, such as hypertension and diabetes; and (4) patients considered with the possibility of the posterior cochlear space-occupying lesion as evidenced by magnetic resonance imaging (MRI) of the skull or middle inner ear, or computed tomography (CT) scan of the temporal bone.

The following treatment methods were adopted in this study: antiviral drug ribavirin liquid injection, glucocorticoid oral prednisone, nerve adenosine triphosphate (ATP) oral nutrition, low molecular dextran, B vitamins, and other comprehensive treatment regimens; simultaneous oxygen therapy during infusion therapy, children under the age of 14, according to the weight-adjusted doses. After treatment for 7 days, bone-air conduction pure tone audiometry results were reviewed and compared with those before treatment.

Based on the curative effect grading standard of sudden deafness, hearing curative effects were evaluated as follows (21): recover: the average hearing threshold of the damaged frequency was completely restored to normal, or reached the level of the healthy ear; significantly effective: the average hearing threshold of damaged frequencies improved by ≥ 30dB; effective: the average hearing threshold of damaged frequencies improved by ≥ 15dB; and ineffective: the average hearing threshold of damaged frequencies improved by <15dB. Recovery, significantly effective, and effective were considered as the overall efficacy of the treatment.

We collected clinical information from the hospital medical records, including certain demographic characteristics, information related to sudden deafness, and laboratory parameters. This study design was approved by the Ethics Committee of the Tongde Hospital, Zhejiang Province (approval number: KTSC2019132). Informed consents were obtained from patients or their families.



Data Analysis

Statistical analyses were performed using GraphPad Prism 9 and SIMCA. Univariate and multivariate analyses were used to determine independent risk indicators for the prognoses of sudden onset deafness patients. Data for all samples were analyzed using the Statistical Software SIMCA (Version 14.1.0.2047, 64-bit, MKS Umetrics, Umea, Sweden) for orthogonal partial least squares discriminant analysis (OPLS-DA). P < 0.05 was considered statistically significant.




RESULTS


Clinical Characteristics of Enrolled Patients

A total of 500 patients with sudden onset deafness were enrolled in our study. Table 1 shows the baseline clinical characteristics of these included patients. The average age was 40 years. The age distribution of patients ranged between 30 and 54 years. Of the 500 patients with sudden onset deafness, 261 were males and 239 were females. According to the types of the hearing curve, flat type deafness was present in 52 patients, low-mid frequency decline type deafness in 187 patients, high-mid frequency decline type deafness in 157 patients, and total deafness in 104 patients. A total of 385 patients were in the acute phase within 3 weeks; the remaining 115 patients were not. Notably, none of the patients in this cohort had a family or genetic history of sudden onset deafness.


Table 1. Clinical characteristics of enrolled patients with sudden deafness.
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All patients underwent laboratory tests. Based on the results of the patients' examination, the average level of total bilirubin level was 12.40 (9.60–16) μmol/L, and the level of indirect bilirubin level was 9.95 (7.70–12.80) μmol/L, the total protein level was 73.40 (69.72–76.90) g/L, and the albumin level was 45 (42.30–47.20) g/L. Approximately 76% of these patients had unilateral, while 24% had bilateral sudden onset deafness. Moreover, 79 patients developed vertigo. About 380 patients presented symptoms of tinnitus. A total of 312 patients received hyperbaric oxygen treatment, while the remaining did not.



Univariate and Multivariate Analyses of the Prognostic Risk Factors for Patients With Sudden Deafness

To determine the prognostic risk factors for patients with sudden onset deafness, 117 patients in our cohort were divided into the recovery, significantly effective, effective, and ineffective groups according to the observed treatment effects. A total of 110 patients were in the recovery group, 45 in the significantly effective group, 45 in the effective group, and 323 in the ineffective group. Patients in the recovery, significantly effective, and effective groups were considered to show overall effective treatment. Therefore, univariate and multivariable analyses for the prognostic risk factors were performed between the overall effective and ineffective groups (Table 2). Through univariate analysis, age, type of hearing curve at the initial diagnosis, acute phase, total protein level, albumin level, sudden deafness site, and hyperbaric oxygen treatment were found to be the significant risk factors for poor prognosis of patients with sudden onset deafness. Subsequently, the multivariable analysis was performed for these risk factors, and age, type of hearing curve at the initial diagnosis, acute phase, and sudden deafness site were found to be independently associated with prognoses of patients with sudden deafness (all P < 0.05).


Table 2. Univariate and multivariate analysis in the overall effective and ineffective groups.
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OPLS-DA

To further rank and assess the risk factors for poor prognosis of patients with sudden deafness, the OPLS-DA method was used. According to the results of OPLS-DA, differences could be clearly distinguished between patients with sudden deafness in the overall effective and ineffective groups (Figures 1A,B). In addition, sudden deafness site was an indicator with the highest predictive power (Figures 1C,D).


[image: Figure 1]
FIGURE 1. Orthogonal partial least squares discriminant analysis (OPLS-DA) assessed the ability of risk factors to predict the prognosis of patients with sudden deafness (A,B). Through OPLS-DA, patients in the overall effective group could be unambiguously distinguished from patients in the ineffective group; (C,D). Sudden deafness site was considered as the top 1 indicator with highest predictive capability.





DISCUSSION

Sudden deafness is a common emergency in otorhinolaryngology. The incidence ratio in males and females is similar, and, most frequently, comprises unilateral onset. Since the etiology and pathogenesis remain unclear, the clear clinical cause underlying sudden deafness is known in approximately 10% of these patients. It is difficult to evaluate the curative effects and prognoses due to the lack of standardized specific treatment and the presence of several influencing factors. Although sudden deafness shows a self-healing tendency, some patients recover to varying degrees. However, a poor prognosis is seen in some patients. Therefore, this present study focused on identifying the independent risk factors affecting the prognoses of patients with sudden deafness.

A total of 500 patients with sudden onset deafness with an average age of 40 years were enrolled. The age distribution ranged from 30 to 54 years. Among the patients enrolled in this study, 261 were males and 239 were females. According to the hearing curve types, 52 patients showed flat type deafness, 187 patients had low-mid frequency decline type deafness, 157 had high-mid frequency decline type deafness, and 104 patients had total deafness. Three hundred eighty five patients were in the acute phase within 3 weeks, while 115 were not. Notably, none of the patients in the cohort had a family or genetic history of sudden onset deafness. All included patients underwent laboratory tests. Based on these results, the total bilirubin level was 12.40 (9.60–16) μmol/L and the indirect bilirubin level was 9.95 (7.70–12.80) μmol/L. The level of total protein was 73.40 (69.72–76.90) g/L, and the level of albumin was 45 (42.30–47.20) g/L. In addition, 76% of these patients showed unilateral sudden deafness, while 24% had bilateral sudden deafness. A total of 79 patients developed vertigo, while 380 patients presented with symptoms of tinnitus. A total of 312 patients received hyperbaric oxygen treatment, while the remaining 188 patients did not receive it.

To determine the prognostic risk factors for patients with sudden deafness, 177 patients were divided into recovery, significantly effective, effective, and ineffective groups according to the outcomes of treatment received by patients with sudden deafness. Recovery, significantly effective, and effective were considered as overall effective. Univariate and multivariate analyses for risk factors were performed between the overall effective and ineffective groups. In univariate analysis, age, type of hearing curve at the initial diagnosis, acute phase, total protein level, albumin level, sudden deafness site, and hyperbaric oxygen treatment were identified as the risk factors for poor prognosis in patients with sudden deafness. Multivariate risk factor analysis was then performed. Based on these results, age, type of hearing curve at the initial diagnosis, acute phase, and sudden deafness site were all found to be independently associated with the prognosis of patients with sudden deafness (all P <.05). Among them, the older were the patients, the worse was the prognosis, mainly due to the vulnerability of the auditory system and other physical conditions that can exacerbate deafness (22). Additionally, sudden deafness site was also considered an important factor that influenced the prognosis of patients with sudden deafness, consistent with the results of several previous studies (23, 24). Therefore, these factors should be emphasized during the treatment of patients with sudden deafness, which would be conducive to their better treatment and prognosis.

To further rank and evaluate the risk factors affecting the prognosis of patients with sudden deafness, the OPLS-DA method was used for analysis. Based on the results, the difference between patients in the overall effective and ineffective groups could be distinguished. Moreover, sudden deafness site was considered to be an indicator with the highest predictive power. It was speculated that patients with bilateral sudden deafness may have a poorer prognosis than those with unilateral sudden deafness.

However, there are limitations to this study. First, the sample size of patients with sudden deafness needs to be increased to validate the above conclusions. Second, the patients in this study all came from the same hospital, which may contribute to certain regional deviations. Finally, the statistics of some clinical parameters in patients with sudden deafness were incomplete, and more clinical data are needed to evaluate the independent risk factors that may lead to poor prognoses of sudden onset deafness.



CONCLUSION

In conclusion, age, type of hearing curve at the initial diagnosis, acute phase, and sudden deafness site were independently correlated with the prognosis of patients with sudden deafness (all P < 0.05). Notably, sudden deafness site was an indicator with the highest predictive power. These factors should be considered during the treatment of patients with sudden deafness. Our finding may thus provide better clinical guidance for the treatment and prognosis of patients with sudden deafness.
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