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Abstract

Introduction Sudden sensorineural hearing loss (SSHL) is an otologic urgency whose treatment is still controversial. Its
etiology remains largely unknown in most cases and predicting its prognosis is still a challenge. Cardiovascular risk factors
(CVRF) have been implicated in the etiopathogenesis of this entity.

Objectives Application of the SCORE (Systematic Coronary Risk Evaluation) risk scale in patients with SSHL and evalu-
ation of its potential prognostic value in recovery in patients with CVRF.

Materials and methods Prospective analysis of patients with SSHL admitted for protocol treatment including intravenous
corticosteroid therapy associated to weekly intratympanic injection in the event of therapeutic failure or severe hearing loss
at admission. Demographic, audiometric, clinical and imaging data were assessed. The SCORE risk scale was applied and
the audiometric recovery was compared among different risk groups.

Results Our overall complete and partial recovery rates were 35.9% and 26%, respectively. More than a half of our patients
had at least one CVRF. Of these, overweight/obesity, hyperlipidemia and hypertension were the most common. In our sample,
patients with CVRF and higher SCORE risk presented higher PTA at admission and also worse hearing outcome, although
these results were not statically significant.

Conclusion This preliminary study could not confirm the validity for SCORE scale for cardiovascular risk assessment in
predicting audiometric recovery in patients with SSHL with multiple comorbidities. Further research with larger samples are
needed to elucidate the etiology of SSHL and the exact role of cardiovascular risk factors in the pathophysiology of SSHL.
Level of evidence 4
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Abbreviations Introduction

SSHL Sudden sensorineural hearing loss

CVRF  Cardiovascular risk factors Sudden sensorineural hearing loss (SSHL) is an otologic
SCORE  Systematic Coronary Risk Evaluation urgency that affects 5-30 subjects per 100,000/year [1, 2].
PTA Pure-tone average It is defined as a hearing loss of at least 30 dB affecting
BMI Body mass index at least three consecutive frequencies in standard pure-tone
MRI Magnetic resonance imaging audiogram occurring over 72 h [3].

The etiology of SSHL remains unknown in 70-90% of
cases, despite thorough evaluation [4]. The treatment of
SSHL is still controversial as therapy decisions are usually
made without knowing the etiology. Therefore, the predic-
tion of its prognosis is still a challenge [3]. A maximum of
32-65% of cases of SSNHL may recover spontaneously [4,
5]. Various prognostic factors have been proposed includ-
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onset of hearing loss and treatment [4, 6, 7]. Cardiovascu-
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hyperlipidemia have been implicated in the etiopathogenesis
of this clinical entity [8-10].

The study of Chang et al. assessed the role of Framing-
ham Risk Score in predicting the prognosis of SSHL
patients [11]. In this study, patients of the high-risk group
based on Framingham Risk Score showed poor outcomes
of hearing improvement compared to the low-risk group
[11]. Framingham Risk Score is an instrument for predict-
ing the 10-year risk of coronary heart disease or cardiovas-
cular disease, based on American population-studies. The
risk tool SCORE (Systematic Coronary Risk Evaluation)
is a 10-year risk assessment system for fatal cardiovascular
events in people 40-65 years of age [12, 13]. It is based on
12 European cohort studies and presents different national
and regional risk calculation tables adapted to cardiovascular
disease rate of each country. It classifies risk into different
categories ranging from less than 1 to 15% or more and
includes the variables gender, age, smoking, systolic blood
pressure and total cholesterol. Patients with high risk (equal
to or greater than 5%) are susceptible to more intensive pre-
vention measures, including pharmacotherapy [12].

Therefore, we aimed to estimate the prevalence of CVRF
in patients with SSHL and to determine the potential prog-
nostic value of SCORE risk scale in the recovery after
SSHL.

Materials and methods
Participants

The project was a prospective analysis of patients with
SSHL admitted for protocol treatment in a tertiary univer-
sity hospital, from January 2015 up to December 2017.
This study received approval from the Ethics Committee
of the institution. All patients experienced unilateral SSHL
that developed within 72 h with >30 dB hearing loss at
three consecutive frequencies. Patients were treated with
the same protocol of intravenous dexamethasone (5-10 mg,
twice daily, for 5 days) associated to intratympanic injection
with dexamethasone in case of treatment failure or severe-
profound hearing loss at admission. Intratympanic injection
was administered weekly according to the response to treat-
ment, at a maximum of 3 per patient. To prevent any gastric
complication, pantoprazole 40 mg, was administrated during
therapy. Patients with any previous history of hearing loss
or ear surgery on the affected side or HL developed more
than 15 days before admission were excluded. Demographic,
audiometric and clinical data were assessed.
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Audiometric data

All patients were evaluated using the standard method for
pure-tone average (PTA) threshold. The PTA threshold was
calculated as the mean threshold at four frequencies (0.5, 1,
2, and 4 kHz). For thresholds that could not be tested due to
the limit of the audiometric equipment, it was set at 120 dB
in the present study.

Evaluation of hearing recovery

All patients underwent audiometry at admission, on day 3
and day 5 after the beginning of treatment and also on reval-
uation on consultation (1-2 months after the admission).

Audiometric (dB HL) recovery was classified into com-
plete, partial, and no recovery categories according to the
following criteria [3]:

1. Complete PTA (dB HL) within 10 dB HL of initial HL
or within 10 dB HL of the HL of the unaffected ear.

2.  Partial PTA (dB HL) within 50% of initial HL or
> 10 dB HL improvement of the HL.

3. No recovery <10 dB HL improvement in HL relative to
the initial HL.

Standard assessments

Standard assessments included routine audiometric testing
and routine serological tests, including total cholesterol,
high-density lipoprotein (HDL) cholesterol, blood pressure,
weight and body mass index (BMI). It evaluated medical his-
tory of diabetes or hypertension, smoking, and any current
medication for high blood pressure. It also assessed previ-
ous history of coronary heart disease and cerebrovascular
disease. All patients underwent magnetic resonance imaging
(MRI) of the internal auditory canal and cerebellopontine
angle with gadolinium enhancement image during hospital
stay. The SCORE risk scale was applied using the tables
adapted to our country and patients were classified into the
following risk categories: low risk (< 1%), moderate risk
(>1% to <5%), high risk (>5% to <10%) and very high
risk (> 10%). Audiometric recovery was compared among
the different risk groups.

Statistical analyses

Statistical analysis was performed with the IBM SPSS Sta-
tistics program, 22nd version. Continuous variables are pre-
sented as mean + standard deviation and categorical vari-
ables as frequencies and percentages. Correlation between
continuous variables was tested using Pearson or Spearman
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correlation tests. Associations were tested for categorical
variables using Chi square or Fisher’s exact tests. Compari-
son between groups was tested, using independent ¢ tests
or ANOVA and Mann—Whitney or Kruskal Wallis tests for
continuous variables. Post hoc tests were made using mul-
tiple pairwise comparisons with the Bonferroni correction
for Kruskal-Wallis. Significance was settled for p < 0.05.

Results
Demographic characterization

There were 54 patients admitted for SSHL at our department
during the study period.

Of these, 25 (46.3%) were male and 29 (53.7%) were
female. The mean age of patients was 50.15 + 14.59 years
(minimum 18 years; maximum 82 years). The months of
the year with higher admissions rates were April (n=11)
and August (n=10). During the period of study, there was
an increase in the hospital admissions due to SSHL and the
mean hospital length of stay was 6.33 +1.49 days.

The mean time between the admission and the beginning
of symptoms was 5.04 +3.98 days. Vertigo was present in
27.8% (n=15) of patients at presentation. A summary of the
clinical data collected is presented in Table 1.

Treatment protocol

Patients were administered dexamethasone in dosage of
10 mg/day (n=18) or 20 mg/day (n=30). Over 60% of
patients (n=33) underwent weekly intratympanic dexameth-
asone injection and the majority of these (70%) received
three weekly injections.

Audiometric evaluation

The mean PTA of our sample was 77.84 +28.76 dB at
admission, 71.74 +£32.75 dB on day 3, 61.98 +35.75 dB on
day 5 and 56.00 +33.90 dB on consultation. Considering all
patients, complete recovery was observed in 35.9% (n=19),
partial recovery in 25.9% (n=14) and no recovery in 38.9%
(n=21).

Cardiovascular risk factors assessment and SCORE
calculation

The global prevalence of CVRF in our sample was 51.9%
(n=28). Nineteen patients presented hypertension, 23
patients had hyperlipidemia, 27 patients presented over-
weight or obesity, 5 patients had diabetes mellitus, 11
patients had smoking habits and 8 patients had history of pre-
vious cardiovascular event namely acute myocardial infarc-
tion and cerebrovascular accident. Remarkably, nine patients
had inaugural diagnosis of hyperlipidemia (total cholesterol
>200 mg/dL). PTA at admission was compared between
the patients with and without CVRF. Patients with CVRF
presented higher PTA at admission (83.79 +23.64 dB) than
the patients without CVRF (71.43 +32.67 dB) although the
differences were not statistically significant (p >0.05). In
addition, PTA at admission was analyzed considering each
CVRF individually and despite the higher PTA at admis-
sion for patients with the CVREF, the differences were not
significant (p > 0.05) (Table 2).

SCORE risk was calculated for 39 patients with ages
between 40 and 65 years old: 9 patients presented low risk
(< 1%), 20 patients had moderate risk (> 1% and inferior to
5%), 1 patient had high risk (>5% and inferior to 10%) and 9
patients had very high risk (<10%) (Fig. 1). There was a sta-
tistical significant hearing improvement in PTA level within
each SCORE risk group from admission to the consultation

Table 1 Demographic features
of patients admitted for SSHL,
in 2015-2017 (n=54) Gender

Female
Male
Hospital length of stay (days)

Time between the admission and the
beginning of symptoms (days)

Age (years)

Year of hospital admission
2015
2016
2017

Month, at the admission

50.15+14.59

53 (54.1%)
45 (45.9%)
6.33+1.49
5.04+3.98

13 (24.1%)

19 (35.2%)

22 (40.7%)

January—2 May—1 September—4
February—3 June—2 October—3
March—7 July—>5 November—>5
April—11 August—10 December—1
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Table2 Comparison of PTA at admission between groups with and
without CVRF (n =54, unless stated otherwise)

CVRF PTA at admission (dB) p value
Hypertension
Yes (n=19) 80.00+25.39 >0.05
No (n=35) 76.67+30.72
Hyperlipidemia
Yes (n=23) 85.76 +24.10 >0.05
No (n=31) 71.97+30.85
Diabetes mellitus
Yes (n=5) 82.00+23.86 >0.05
No (n=49) 77.29+29.69
Overweight/obesity (n=41)
Yes (n=27) 82.36+30.16 >0.05
No (n=14) 76.60+31.78
Smoking habits (n=47)
Yes (n=11) 81.93+28.29 >0.05
No (n=36) 78.47+29.97
SCORE RISK GROUPS (n=39)
25 -
20
20
15 -
10 4 9 9
5 |
1
0 . . M— .
LOW (<1%) MODERATE (21%  HIGH (25% and  VERY HIGH (10%)
and < 5%) <10%)

Fig. 1 SCORE risk groups of patients admitted for SSHL, in 2015—
2017

evaluation (p <0.05) (Fig. 2). Patients with moderate and
very high SCORE risk presented higher initial mean PTA
thresholds at admission and also presented worse audiomet-
ric outcome after protocol treatment. However, these dif-
ferences were not statistically significant (p > 0.05). In fact,
patients with moderate risk presented higher PTA at admis-
sion than the very high-risk group (Table 3).

Imaging

All patients underwent MRI of the internal auditory canal
and cerebellopontine angle with gadolinium enhancement
image during hospital stay. Almost 50% (n=27) of our sam-
ple presented an abnormal MRI. The most common lesions
were chronic cerebral microvascular ischemic changes
(n=15), acoustic neuroma (n=3) and abnormal labyrin-
thine enhancement suggesting labyrinthitis (n =4). We
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have analyzed the differences of the SCORE risk among the
types of MRI changes (vascular, inflammatory or structural).
In spite of the patients with evidence of chronic cerebral
microvascular ischemic changes in the MRI having a trend
to present a higher risk SCORE, there were no significant
differences among groups (Table 4).

We have evaluated SCORE risk scale in our sample,
excluding the patients with acoustic neuroma (n=3) and lab-
yrinthitis (n=4) diagnosed with RMI: 7 patients presented
low risk (< 1%), 17 patients had moderate risk (> 1% and
inferior to 5%), 1 patient had high risk (> 5% and inferior to
10%) and 7 patients had very high risk (< 10%). Once again,
we compared initial mean PTA thresholds at admission and
audiometric outcome after protocol treatment between
SCORE risk scale categories and there were no differences
between groups (p > 0.05).

In addition, we have compared the audiometric recovery
among the three groups of MRI changes (vascular, inflam-
matory or structural). Considering the 15 patients with vas-
cular lesions in the MRI, only 4 of these presented a com-
plete audiometric recovery, although these differences were
not statistically significant (p > 0.05) (Table 4).

Discussion

We have analyzed the efficacy of our protocol, including
systemic and intratympanic corticosteroids, in the hearing
improvement after SSHL. Our overall complete recovery
rate with SSHL was 35.9%. Around 26% of our patients
experienced partial recovery. However, 38.9% of our patients
had no recovery after treatment. Our results are in agreement
with the literature that reports approximately one-third to
two-thirds of patients with SSHL having potential of recov-
ery some percentage of their hearing [5]. Furthermore, we
have studied the potential effect of CVRF in the presenta-
tion and outcome of patients with SSHL. We have observed
a high incidence of CVRF in our sample. Indeed, more
than a half of our patients admitted for SSHL had at least
one CVREF. Of these, overweight/obesity, hyperlipidemia
and hypertension were the most common. Remarkably,
nine patients had inaugural diagnosis of hyperlipidemia.
This high incidence of incidental diagnosis has already
been reported in the study of Haremza et al., which found
hyperlipidemia in 45 patients (56.3%) with only 10 patients
(12.5%) had been previously treated for this disorder [14].
We have applied the cardiovascular risk tool, SCORE, which
is adapted to the European population and recommended for
cardiovascular risk assessment by the European Society of
Cardiology. The majority of the patients admitted for SSHL
presented a moderate SCORE risk.

We have compared the PTA at admission and PTA recov-
ery after treatment between patients with and without CVRF
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Fig.2 Comparison of audiomet- WPTA admission
ric recovery from the admission o PTA consultation
to the consultation within and 100,00 Jof -
between SCORE risk groups of | |
patients admitted for SSHL, in
2015-2017 %
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o

z

<C

i

o

c

©

o

=

Low Risk (<1%) Moderate Risk High risk Very high risk
(21% and <5%) (25% and <10%) (210%)
SCORE RISK
Table 3 Comparison between SCORE risk groups for patients admitted for SSHL, from 2015 to 2017 (n=39)
SCORE risk groups Low risk (< 1%) (n=9) Moderate risk (>1% High risk Very high risk (> 10%) p value
and <5%) (>5% and <10%) n=9)
(n=20) (n=1)
Age (years) 48.33+5.14 57.70+9.95 66.00 62.44+10.93 0.016
PTA at admission (dB) 68.89 +27.64 85.62+27.04 375 85.62+23.98 >0.05
PTA at D3 63.06+29.98 77.43 +33.36 37.50 82.50+23.40 >0.05
PTA at D5 59.06+33.60 68.52+36.40 37.50 78.47+25.06 >0.05
PTA at consultation 47.34+37.06 67.50+33.46 30.00 53.06+21.24 >0.05
Hearing recovery No recovery—4 No recovery—9 Partial—1 No recovery—3 >0.05
Partial—1 Partial—6 Partial—4
Complete—4 Complete—5 Complete—2

and also between patients of different SCORE categories. In
spite of our patients with CVRF and higher SCORE risk cat-
egories presenting higher PTA at admission and also worse
hearing outcome, SCORE system stratification of patients
did not show any predictive or prognostic role in this study
population. Nevertheless, there was a significant improve-
ment of hearing within patients of the same risk category
from admission to the consultation revaluation. The clini-
cal implication of this present study is undoubtedly limited
by our small sample size of patients with CVRF who were
eligible for SCORE calculation.

In the study of Chang et al., which assessed cardio-
vascular risk through the application of Framingham risk
scale, high-risk group showed poor outcomes of hearing

improvement compared to the low-risk group in terms of
mean PTA threshold [11]. All patients admitted for SSHL
underwent MRI study. Notably, the most common finding
was evidence of chronic cerebral microvascular ischemic
changes. Furthermore, patients with evidence of micro-
vascular ischemic changes in the MRI presented higher
risk SCORE, although the differences were not significant.
In addition, a smaller proportion of patients with vascu-
lar lesions in the MRI presented a complete audiometric
recovery, although these differences were not statistically
significant between the groups. Similarly, SSHL co-occur-
ring with diabetes, hypertension, and hyperlipidemia in
older patients has been shown to be associated with MRI
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Table4 Analysis of SCORE risk and audiometric recovery in
patients admitted for SSHL with MRI abnormal findings

MRI findings Vascular Inflam- Structural p value
matory

SCORE risk groups
Low risk (< 1%) 3 1 1 >0.05
Moderate risk (> 1% and 6 2 1 >0.05

<5%)

Very high risk (>10%) 6 0 2 >0.05
Total 15 3 4

Audiometric recovery
No recovery 3 3 >0.05
Partial 0 1 >0.05
Complete 4 1 2 >0.05
Total 16 4 6

evidence of cerebral microangiopathy and prognosis, but
the association’s clinical significance is unclear [3].

It has been previously reported that risk factors for
ischemic vascular disease such as cigarette smoking, hyper-
tension, hyperlipidemia, and diabetes are risk factors for the
development of SSHL [8, 15]. However, there is a lack of
a clear relationship between SSHL and CVRF, with many
heterogeneous and controversial studies published in the
medical literature. Ullrich et al. in a prospective study of 35
patients found that the frequency of CVRF (male gender,
smoking, obesity and hyperlipidemia) was identical in the
general population and in patients with sudden SSHL [16].
Similarly, Ballesteros et al. in a study of 99 patients, failed
to demonstrate any clear relationships between SSHL and
CVREF [17]. Furthermore, a recent systematic review failed
to show any association between serum lipids and SSHL
[18]. The study of Haremza et al. evaluated the differences
between patients with complete (defined as profound deaf-
ness, and/or inability to correctly repeat any words when
performing speech audiometry, regardless of bone conduc-
tion) versus partial sudden sensorineural hearing loss [14].
No statistically significant difference was observed between
patients with complete versus partial sudden sensorineural
hearing loss (p =0.0708) concerning the cardiovascular risk
factors. However, the same study, reported a statistical ten-
dency in favor of CVRF in the group with complete hearing
loss [14].

All studies previously mentioned evaluating CVRF
and SSHL are particularly limited by sample size and
their observational nature. The lack of a clear relationship
between sudden SSHL and CVRF might suggest a predomi-
nantly multifactorial disease profile, regardless of hearing
impairment severity [14]. Despite all this, we could report
a high incidence of CVRF in our sample. In addition, the
most common finding in the MRI study was evidence of
chronic cerebral microvascular ischemic changes. Indeed,
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the observations made in this preliminary study might shed
light on possible etiological factors for SSHL patients with
multiple comorbidities, although, we could not confirm the
prognostic role of SCORE risk scale.

Conclusion

This preliminary study could not confirm the validity for
SCORE scale for cardiovascular risk assessment in predict-
ing audiometric recovery in patients with SSHL with mul-
tiple comorbidities. Further research with larger samples
are needed to elucidate the etiology of SSHL and the exact
role of cardiovascular risk factors in the pathophysiology
of SSHL.
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