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ABSTRACT
Background: To investigate whether the CHA2DS2-VASc score has a predictive value over the prognosis in patients with sudden hearing loss.
Methods: Patients who were hospitalized in our clinic between 2011 and 2021 because of sudden hearing loss were included. Patient records 
were reviewed retrospectively. Treatment response was evaluated using Siegel criteria. Siegel criteria categorize treatment response as heal-
ing, partial response, slight improvement, and no response. Patients were divided into low-risk (less than 2 risk factors) and high-risk groups (2 
or more risk factors) according to the CHA2DS2-VASc score. The relationship between response to treatment and cardiovascular risk factors 
using CHA2DS2-VASc score was investigated.
Results: The study group consisted of 145 cases of idiopathic sudden sensorineural hearing loss. Seventy (48.2%) patients were male, and 75 
(51.8%) were female. The mean age of the patients was 43.73 ± 17.5 (10-90) years. Median pretreatment Pure Tone Audiogram was 59 [43-68] 
dB and the posttreatment Pure Tone Audiogram was 44 [25-65] dB. Median CHA2DS2VASc score was 1. The low score CHA2DS2-VASc group 
had 97 (66.8%) patients and the high score CHA2DS2-VASc group had 48 (33.2%) patients. There was no significant correlation between Pure 
Tone Audiogram gain and the CHA2DS2-VASc score (r = 0.066, P = .432). There was no difference between the CHA2DS2-VASc scores of the 
treatment response groups (P = .512). There was no significant difference between the patients with complete recovery and the rest in terms 
of their CHA2DS2-VASc scores (P = .613).
Conclusion: The CHA2DS2-VASc score is not an effective tool in determining treatment response and prognosis in patients with sudden hear-
ing loss.
Keywords: Sudden hearing loss, prognosis, heart disease risk factors

Introduction

Sudden sensorineural hearing loss (SSNHL) is defined as a 
sensorineural hearing loss of at least 30 dB in 3 sequential 
frequencies occurring over a period of 3 days on a pure-tone 
audiogram (PTA).1 The incidence is 5-20 per 100 000.2 Most 
cases are idiopathic and in about 10-15% of cases an etiology 
may be found. Most cases are idiopathic. Retrocochlear pathol-
ogies such as vestibular schwannoma, demyelinating condi-
tions, or stroke are found as a cause in about 1% of cases.3 The 
cochlear blood flow is dependent on the labyrinthine artery, 
which is the end artery of the vertebrobasilar system. Viral 
infection, vascular compromise, autoimmune disease, inner 

ear pathology, and central nervous system disease are consid-
ered possible etiologies for SSNHL.4 Secondary vascular insuf-
ficiency in the cochlea is the most widely accepted end result 
in SSNHL pathogenesis.5

The relationship between vascular risk factors and SSNHL has 
been investigated and inconsistent results have been pub-
lished.6 CHA2DS2-VASc score has been used for risk stratifi-
cation for stroke in patients with atrial fibrillation. It has also 
been used for risk assessment for coronary artery disease,7 
peripheral artery disease,8 contrast-induced nephropathy after 
percutaneous coronary intervention,9 and non- cardiologic 
conditions such as glaucoma cases.
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We aimed to examine the effect of the CHA2DS2-VASc score 
in predicting the prognosis in SSNHL cases.

Methods

The study was carried out in the Ear-Nose-Throat and 
Cardiology departments of a tertiary health-care facility. 
The protocol of the study was approved by the institutional 
review board Bagcilar Teaching and Research Hospital Ethics 
Committee, (Approval No: 2020.10.1.07.153, Date: 9.10.2020). 
Written informed consent was obtained from all subjects. The 
study was carried out in accordance with the Code of Ethics of 
the World Medical Association (Helsinki Declaration).

Patients
Patients who were admitted because of sudden idiopathic 
sensorineural hearing loss between 2011 and 2021 were 
included. Case files were examined retrospectively and patient 
characteristics such as age, sex, comorbid conditions, were 
noted. Cases under 18 years of age, who had a history of any 
malignant condition or chronic otitis media, whose pretreat-
ment and posttreatment audiograms were not available who 
received therapy after 10th day of the onset of symptoms 
were excluded. The criteria to diagnose sudden hearing loss 
were at least 30 dB sensorineural hearing loss in 3 consecu-
tive frequencies in 3 days. All SSNHL cases underwent mag-
netic resonance imaging (MRI) with gadolinium of the brain, 
brainstem and internal acoustic canal to rule out any ret-
rocochlear pathology which may cause SSNHL. Cases with 
findings on MRI which may cause SSNHL were excluded. No 
extensive serological survey has been made in our patients. All 
patients in our department are treated as inpatient. Systemic 
oral methylprednisolone treatment in our department is 1mg/
kg is prednisolon or equivalent and 10 mg taper every 3 days. 
Intratympanic dexamethasone of 4mg/mL is applied daily for 
5 consecutive days. Hyperbaric oxygen treatment was done as 
one session per day for a total of 20 sessions at 2.5 ATA with 
120 minutes per session. Betahistine 24 mg bid, 10% dextrane 
40 qd for 3 days were given as supplementary treatment.

Pre- and posttreatment PTA was determined by using the 
mean bone conduction thresholds of 500, 1,000, 2000, and 
4000 Hz frequencies. Pure-tone audiometry gain was cal-
culated by subtracting pretreatment PTA from posttreat-
ment PTA.

Evaluation of Treatment Response
Treatment results were evaluated using the Siegel crite-
ria,10 which uses the change of the mean of 500, 1000, 2000, 
and 4000 Hz frequencies’ threshold mean changes and 

categorizes it as follows: (1) healing when the final threshold 
was more than 25 dB, (2) partial improvement when the gain 
was of more than 15 dB and the final hearing threshold was 
25-45 dB, (3) slight improvement when the gain of more than 
15 dB and the final hearing threshold was more than 45 dB, 
(4) no response: gain of less than 15 dB and the final hearing 
threshold was more than 75 dB.

Cardiovascular Risk Factors
CHA2DS2-VASc score was calculated for all patients by 
assigning one point for each of the following criteria: age 
65-75 years, hypertension, DM, congestive heart failure, or 
left ventricular ejection fraction (LVEF) <40%, female sex, and 
vascular disease (defined as prior MI, complex aortic plaque, 
carotid disease, peripheral artery disease including intermit-
tent claudication, and previous surgical or percutaneous 
intervention for the abdominal aorta or vessels of the upper 
or lower extremities) (Table 1). Two points were assigned for 
a history of stroke, transient ischemic attack or thromboem-
bolism, and age ≥75 years.11 The study population was divided 
into 2 groups: CHA2DS2-VASc score <2 (low score) group and 
CHA2DS2-VASc score ≥2 (high score) group.

Statistical Analyses
Correlation between PTA gain and CHA2DS2-VASc score was 
examined. CHA2DS2-VASc scores in each treatment response 
group were compared. The distribution of treatment response 
groups in low-score and high-score CHA2DS2-VASc groups 
were compared.

The compliance of the data to normal distribution was evalu-
ated with the Kolmogorov-Smirnov test. The student’s t-test 
or Mann–Whitney U-test was used to compare continuous 
variables between the groups according to whether they were 
normally distributed or not. Spearman correlation analysis 
and Kruskal-Wallis test, Chi-square test, and Fischer’s exact 
tests were used for statistical analysis. All statistical analyses 
were performed using the Statistical Package for the Social 
Sciences version 24.0 software program (IBM SPSS Corp.; 
Armonk, NY, USA).

Results

The study group consisted of 145 cases of idiopathic SSNHL. 
Seventy (48.2%) patients were male, and 75 (51.8%) were 
female. The mean age of the patients was 43.73 ± 17.5 (18-
90) years. Twenty-five (17.24%) patients were older than 65 
years. Nine (6.2%) patients had congestive heart failure, 44 
(30.34%) of the patients had a history of hypertension, 33 
(22.75%) patients had diabetes mellitus, 2 (1.37%) patients 
had a history of prior stroke or TIA or systemic thromboembo-
lism, 20 (13.79%) patients had hyperlipidemia, and 29 (20%) 
patients were smokers.

Median pretreatment PTA was 59 (43-68) dB, and post-
treatment PTA was 44 (25-65) dB. Median CHA2DS2VASc 
score was 1 (1-2). The patient characteristics are shown in 
Table 2. Pretreatment PTA for each CHA2DS2-VASc score 
is shown in Figure 1. The low-score CHA2DS2-VASc group 
had 97 (66.8%) patients and the high-score CHA2DS2-
VASc group had 48 (33.2%) patients. Patient characteristics 
in each group are shown in Table 3. Pure-tone audiometry 

Main Points

•	 Cardiovascular risk factors are found often in sudden hearing 
loss cases.

•	 CHA2DS2-VASc is used to estimate stroke risk in non-val-
vular atrial fibrillation.

•	 Secondary vascular insufficiency in the cochlea is the most 
widely accepted end result in sudden hearing loss.

•	 CHA2DS2-VASc score does not provide prognostic informa-
tion in sudden hearing loss.
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gains in each CHA2DS2-VASc score subgroup are shown in 
Figure 2.

There was no significant correlation between PTA gain and 
CHA2DS2-VASc score (r = 0.066, P = .432). There was no dif-
ference between the CHA2DS2-VASc scores of the treatment 
response groups (P = .512). There was no significant difference 
between the patients with complete recovery and the rest in 
terms of their CHA2DS2-VASc scores (P = .613). In patients with 
a CHA2DS2-VASc score of equal to or more than 2, complete 
recovery was not significantly different (P = .054). No difference 
was found in the frequency of recovery groups when low (<2) 
and high (≥2) CHA2DS2-VASc score groups were compared 
(P > .05). Recovery subgroup frequency in low- and high-score 
CHA2DS2-VASc groups are shown in Table 4 and Figure 3.

Discussion

Sudden sensorineural hearing loss is a complex condition with 
a multifactorial etiology, involving potential viral infections, 
vascular insults, and other systemic factors.4 While previous 
research has explored these factors extensively, our study 
aimed to evaluate the prognostic utility of the CHA2DS2-
VASc score in predicting outcomes for SSNHL patients.12

The vascular hypothesis is a widely accepted theory in the 
pathogenesis of SSNHL, particularly given the anatomy of the 
inner ear, where the cochlea is supplied by a single end artery, 
the labyrinthine artery. Any compromise in blood flow could 
theoretically lead to ischemia and subsequent hearing loss. 
Previous studies have suggested that cardiovascular risk fac-
tors, such as hypertension, diabetes, and hyperlipidemia, might 
influence SSNHL outcomes. However, findings have been 
inconsistent. For example, Ciorba et al (2015) found no signifi-
cant association between cardiovascular risk factors and hear-
ing recovery, despite their higher prevalence among SSNHL 
patients.13

Our study’s findings align with those of Ciorba et al and oth-
ers, indicating that while cardiovascular risk factors are com-
mon in SSNHL patients, their presence, as reflected by the 
CHA2DS2-VASc score, does not significantly impact treat-
ment outcomes.13 Specifically, there was no significant corre-
lation between CHA2DS2-VASc scores and either PTA gains or 
treatment response categories defined by Siegel’s criteria. This 
suggests that the CHA2DS2-VASc score, despite its efficacy 
in predicting stroke risk, does not provide meaningful prognos-
tic information in the context of SSNHL.14

Table 1.  CHA2DS2-VASc Score
C Congestive Heart Failure 1 point

H Hypertension 1 point

A2 Age ≥75 years 2 point

D Diabetes mellitus 1 point

S2 Stroke/transient ischemic Attack/
Thromboembolic event

2 point

V Vascular disease (prior MI, PAD, or aortic 
plaque)

1 point

A Age 65-74 years 1 point

c Sex category (i.e., female sex) 1 point
MI, myocardial infarction; PAD: peripheral artery disease.

Table 2.  Patient Characteristics, Pre- and Posttreatment Pure-Tone Audiometry, and CHA2DS2-VASc Scores in Each 
Treatment Response Group According to Siegel Criteria

​
Total 

(n = 145)

Complete 
Recovery 
(n = 37)

Partial 
Recovery 

(n = 11)

Slight 
Improvement 

(n= 4)

No 
Improvement 

(n = 93) P

Right side (%) 70 (48.27) 16 (43.24) 6 (54.54) 2(50) 46 (49.46) <.05

Female gender, n (%) 75 (51.72) 22 (59.45) 5 (45.45) 3(75) 45 (48.38) <.05

Age, year 43.73 ± 17.50  
(6-81)

39.97 ± 17.29 
(6-81)

50 ± 20 
(10-72)

34.5 ± 15.02 
(18-53)

44.89 ± 17.16 
(10-81)

<.05

Heart failure, n (%) 9 (6.20) 1 (2.7) 0 (0) 0 (0) 8(8.6) <.05

Hypertension, n (%) 44 (30.34) 13 (35.13) 8(72.72) 2(50) 24 (22.58) <.05

Diabetes mellitus, n (%) 33 (22.75) 6 (16.21) 4 (36.36) 2 (50) 21 (10.75) <.05

Vascular disease, n (%) 15 (10.34) 2 (5.4) 2 (18.18) 2 (50) 9 (9.67) <.05

Hyperlipidemia, n (%) 20 (13.79) 5 (13.51) 3 (27.27) 1 (25) 11 (11.82) <.05

Current smoking, n (%) 29 (20) 6 (16.21) 3 (27.27) 0 20 (21.50) <.05

Cerebrovascular accident, n (%) 0 0 1 (9.09%) 0 1 (1.07%) <.05

Pretreatment PTA, median [IQR] 59 [43-68] 41 [37-53] 62 [59.5-67.5] 72.5 [71.5-74.25] 63 [49-70] 0

Posttreatment PTA, median [IQR] 44 [25-65] 16 [10-21] 36 [31.5-41.5] 49.5 [48.75-50.75] 60 [42-70] 0

PTA gain, median, 6 [1-20] 28 [18-40] 28 [32-20.5] 23.5 [24.25-22.5] 2 [6-0] 0

CHA2DS2VASc, median [IQR] 1 [1-2] 1[0-2] 1 [1-2,5] 3 [0,75-5,25] 1 [1-2] <.05
PTA: mean of bone conduction hearing thresholds at 500Hz, 1000Hz, 2000Hz, and 4000 Hz in dB. PTA gain: the difference between posttreatment PTA and pretreat-
ment PTA. PTA, pure-tone audiometry. *statistically significant. 
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It is worth noting that while the CHA2DS2VASc score incor-
porates several key cardiovascular risk factors, it was originally 
designed to predict thromboembolic events in patients with atrial 
fibrillation, not SSNHL.15 The pathophysiological mechanisms 
underlying SSNHL may differ significantly from those leading to 
thromboembolic events, which might explain the lack of asso-
ciation observed in our study. Furthermore, the heterogeneity 
of SSNHL, where different underlying causes such as viral, auto-
immune, or idiopathic vascular insults may play varying roles in 
different patients, could further dilute the prognostic utility of a 
generalized cardiovascular risk score like CHA2DS2VASc.15

Interestingly, while other cardiovascular risk assessment 
tools like the Framingham Risk Score (FRS) and Systemic 
Coronary Risk Evaluation (SCORE) have been explored in 
SSNHL patients, results have been mixed. For example, Chang 
et al. reported that patients with higher FRS scores exhibited 
worse hearing outcomes, but the study was limited by its small 
sample size and preliminary nature.16 Similarly, Menezes et al. 
found that high-risk patients according to the SCORE system 
had worse audiometric outcomes, though these findings also 
lacked statistical significance, likely due to small sample sizes 
and population heterogeneity.17

Given these findings, it is clear that while cardiovascular risk 
factors are prevalent among SSNHL patients, their direct 
impact on hearing recovery remains uncertain. Future research 
should aim to explore the pathophysiological mechanisms 
underlying SSNHL more deeply, possibly through advanced 
imaging techniques, biomarkers, and a more nuanced assess-
ment of vascular health specifically tailored to the inner ear. 
Such studies could help to better stratify SSNHL patients by 
underlying etiology, potentially leading to more personalized 
and effective treatment strategies.

This study has several limitations that should be consid-
ered. The retrospective design may introduce bias, and 
the sample size, though adequate, may limit the detection 
of more nuanced associations. Additionally, the study was 
conducted at a single center, which may affect the general-
izability of the results. We also did not account for all poten-
tial confounding factors, such as the specific causes of 
SSNHL, which could influence both CHA2DS2-VASc scores 
and treatment outcomes. Future studies with larger, more 
diverse populations and prospective designs are needed to 
validate our findings.

Figure 1.  Mean pretreatment pure-tone audiometry for each 
CHA2DS2-VASc score. 

Table 3.  Patient Characteristics in CHA2DS2-VASc 2 and 
Higher and CHA2DS2-VASc Lower than 2 Groups

n
CHA (2) 2—VASc 

score <2 Group 97
CHA (2) 2—VASc 

score ≥2 Group 48

Age, years 35.92 ( ± 14.6) 59.52 ( ± 11.09)

Male 58 (59.8%) 15 (31.3%)

Female 39 (40.2%) 33 (68.8%)

HT 5 (5.2%) 39 (81.3%)

DM 5 (5.15%) 28 (58.3%)

HL 11 (11.34) 9 (18.8%)

CHF 0 9 (18.8%)

Stroke 1 (%1) 1 (2.1%)

Smoker 25 (25.8%) 4 (8.3%)

Vascular disease 0 15 (31.25%)
CHF, chronic heart failure; DM, diabetes mellitus; HL, hyperlipidemia; HT, 
hypertension.

Figure 2.  Pure-tone audiometry gains in each CHA2DS2-VASc score 
subgroup.

Table 4.  Patient Numbers Responding to Therapy According to Siegel Criteria in CHA2DS2-VASc 2 and Higher and 
CHA2DS2-VASc Lower than 2 Groups
​ CHA2DS2VASc 2> , n(%) CHA2DS2VASc 2 ≤ , n(%) Total

1 Complete recovery 20 (20.61) 17 (35.41) 37 (25.51)

2 Partial recovery 8 (8.24) 3 (6.25) 11 (7.58)

3 Slight improvement 2 (2.06) 2 (4.16) 4 (2.75)

4 No improvement 67 (69.07) 26 (54.16) 93 (64.13)

Total 97 (100) 48 (100) 145 (100)
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In conclusion, our study demonstrates that the CHA2DS2-
VASc score is not a reliable tool for predicting treatment 
outcomes in patients with SSNHL. While cardiovascular 
risk factors are frequently observed in these patients, their 
influence on hearing recovery, as measured by this score, 
appears limited. These findings highlight the need for more 
targeted research into the vascular and other systemic fac-
tors contributing to SSNHL, with the goal of developing 
more accurate prognostic tools and individualized thera-
peutic approaches.
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