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Sudden hearing loss and the risk of subsequent cerebral ischemic stroke
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Abstract. Sudden hearing loss and the risk of subsequent cerebral ischemic stroke. Objective: Very few studies have
investigated the risk of ischemic stroke after an episode of sudden sensorineural hearing loss (SSNHL), and findings have
been controversial. The aim of this study was to estimate the risk of ischemic stroke among SSNHL patients within the
province of Ferrara and compare the findings with data available in the literature.

Methods: This was a cohort study using hospital discharge records. The observation period was from 1 January 2001 to
31 December 2012. The study cohort consists of all adult patients hospitalized with a principal diagnosis of SSNHL
(n=484) and all adult patients with a diagnosis of ischemic stroke (n=9985) among the resident population of the province
of Ferrara, Emilia-Romagna, Italy. We calculated the incidence of SSNHL and ischemic stroke, as well as the incidence
of ischemic stroke within the group of patients who experienced SSNHL.

Results: During the period 2001-2012 in Ferrara, the average annual crude incidence of SSNHL was 11.4/100,000 (95%
CI 10.4-12.4), while the average annual crude incidence of the first ischemic stroke was 235.3/100,000. During the mean
observation time period of 6 years, the expected and observed cases of ischemic stroke among the 484 patients with

SSNHL did not differ significantly (6.8 expected vs. 9 observed [95% Poisson Confidence Interval 4.11-17.08]).
Conclusions: Our findings suggest that SSNHL does not significantly increase the risk of ischemic stroke.

Introduction

Sudden sensorineural hearing loss (SSNHL) is a
challenging disease because its etiological and
pathogenic aspects still are not completely under-
stood.""” SSNHL is defined as sensorineural hearing
loss of at least 30dB over at least three contiguous
audiometric frequencies that occurs suddenly and
persists for at least 72 hours; it represents an acute
inner ear disorder that usually occurs unilaterally." "
Previous studies have suggested several etiological
hypotheses for SSNHL, including vascular con-
ditions; infections; trauma; and immunological,
neoplastic, and metabolic diseases."'* However, a
specific cause of SSNHL is identifiable in less than
5% of patients. In most cases, the cause of SSNHL
remains unknown; hence, SSNHL is one of the
most controversial topics in the field of audiology.' "
The vascular hypothesis has attracted considerable
attention and it has been widely studied. A possible
relationship between SSNHL and ischemic stroke
has been suggested. In addition, some researchers
have recently indicated that SSNHL is a possible
predictive factor for a subsequent ischemic stroke,

suggesting that patients with SSNHL have a higher
risk of developing a subsequent ischemic stroke
than the general population.''>"* However, reported
data are conflicting and have not been confirmed
across the available studies.

The purpose of this study was to calculate the
incidence of ischemic stroke in patients previously
affected by SSNHL, and to evaluate the possible
relationship between SSNHL and subsequent ische-
mic stroke in the resident population of the province
of Ferrara in the Emilia Romagna region of Italy
during the period 2001-2012.

Patients and methods

Population studied and database

This was a retrospective cohort study using hospital
discharge records. The observation period was
from 1 January 2001 to 31 December 2012. During
this interval, 484 patients with SSNHL in the
resident population of the province of Ferrara were
observed at the Audiology Unit of the University
Hospital of Ferrara, which is the only audiology
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unit in the entire province of Ferrara. The protocol
of the Ferrara Health District for all patients with
sudden hearing loss recommends referral to this
audiology unit. The data of the present study were
provided from the database of the Statistics Unit of
the University Hospital of Ferrara.

The study cohort included all adults who were
hospitalized with a principal diagnosis of SSNHL
(ICD-9-CM code 388.2) during the study period
2001-2012. We excluded readmissions, as SSNHL
can involve >1 admission episode. The observation
period for the 484 SSNHL patients ranged from 1
to 143 months (mean 72 months). We considered
only unilateral SSNHL.

We also identified all adult patients in the resident
population of Ferrara province who had any type of
first ischemic stroke during the study period, as
defined by ICD-9-CM codes 43301,43311, 43321,
43331, 43381, 43391 (occlusion and stenosis of
pre-cerebral arteries with infarction),43401,43411,
43491 (occlusion and stenosis of cerebral arteries
with infarction), and 436 (acute cerebrovascular
disease). Readmissions were also excluded in this
case.

The data concerning the resident population of
Ferrara province and the Emilia-Romagna region
during the study period are published on the official
website of the Emilia-Romagna Region Statistical
Office (http://statistica.regione.emilia-romagna.it).

We calculated the incidences of SSNHL and
ischemic cerebral stroke. We also calculated the
incidence of ischemic stroke in the group of patients
in Ferrara who previously experienced SSNHL.

Statistical analysis

The average annual crude incidence of SSNHL and
the average annual crude incidence of the first
ischemic stroke for residents were each estimated
at both the regional level (Emilia-Romagna) and
the provincial level (Ferrara). The 95% confidence
intervals (95% Cls) of the rates were calculated
assuming Poisson distribution." The observed
number of ischemic stroke cases among patients
who previously experienced SSNHL and the ex-
pected number of cases were compared assuming a
uniform distribution. Confidence intervals (95%
Poisson CIs) and the test of significance for the
comparison between observed and expected cases
were based on the Poisson distribution."” The y? test
was used to compare the frequency of the first
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ischemic stroke in the group of individuals who had
experienced SSNHL with the frequency of the first
ischemic stroke in the group of individuals who had
not experienced SSNHL. To compare two incidence
rates, the 95% CI associated with the difference
between the rates was calculated according to the
Poisson distribution.'®

Results

The population of the Emilia Romagna region
was 4,459,044 in 2001 and 4,008,841 in 2012;
the average population during the interval was
4,234 044 inhabitants. In Ferrara province, the resi-
dent population was 347,558 in 2001 and 359,686
in 2012; the average population during the interval
was 353,622 inhabitants.

During the study period, 8188 patients throughout
Emilia Romagna and 484 patients in Ferrara
experienced SSNHL; there were 103,004 first
ischemic strokes in the Emilia Romagna region,
and 9985 first ischemic strokes in Ferrara. A total
of 152 patients were hospitalized for a first ischemic
stroke after an episode of SSNHL in the Emilia
Romagna region; nine of them resided in Ferrara.
Stroke incidence after SSHNL was 1.9% in
the Ferrara and Emilia Romagna groups, and the
mean interval between SSNHL and stroke was
54.7 months in the Emilia Romagna region and
41.2 months in Ferrara.

Patients’ characteristics are listed in Table 1.
SSNHL was prevalent in men. Stroke was pre-
dominant among men in the Emilia Romagna
region, and among women in the province of
Ferrara. The mean age of SSNHL patients was
53.32 years in the region and 54.67 years in the
province. Stroke patients were older, with mean
ages of 76.97 years in the region and 77.55 years in
the province.

During the study period, the average annual
crude incidence of SSNHL was 16.1/100,000 (95%
CI 15.1-17.1) throughout Emilia Romagna and
11.4/100,000 (95% CI 10.4-12.5) in Ferrara.
The average annual crude incidence of the first
ischemic stroke was 203/100,000 (95% 190.6-
216.0) throughout Emilia Romagna and 235.3/
100,000 (95% CI 221.0-250.4) in Ferrara. All 484
SSNHL cases identified in Ferrara were diagnosed
and treated at the Audiology Unit of the University
Hospital of Ferrara. Of these, nine had experienced
a first ischemic stroke after SSNHL. Given the
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Table 1
Characteristics of SSNHL patients compared with other published reports (modified from Chang ef al.")
Ciorba et al. present study Chang et al." Lin et al Rudack et al Ballesteros
E.R.Region | Ciorba ez al. (n=349) (n=1432) (n=142) et_aégz
(n=8188) present study (n=99)
(n=484)
M:F sex ratio, % 50.9:49.1 52.5:47.5 64.8:35.2 54.5:45.5 54.2:45.8 1:1
Mean age+SD, years 53.32+16.2 54.67+15.1 60.2+16.6 - 51.2+172 517164
U:B 100:0 100:0 974:2.6 - 100:0 98:2
Recurrent SSNHL, % 0 0 10.6 - - -
Prior stroke, % 0 0 1.7 - 14 5.8
Stroke after SSNHL, % 1.9 1.9 49 12.7 - -
Mean duration between 54.7£39.9 41.2+27.7 40.1+335 (1.8 =208 - -
SSNHL and stroke+SD,
months

— Not available/measured; M:F=male:female; U:B=unilateral:bilateral; E.R.=Emilia Romagna.

average ischemic stroke incidence estimated in the
general population, we expected 6.8 first ischemic
strokes among the 484 SSNHL cases in Ferrara
during the 72-month observation period. Although
the expected incidence was lower than the observed
incidence (9 observed cases), the difference be-
tween the two was not significant (6.8 expected
vs. 9 observed; 95% Poisson C14.11-17.08). More-
over, in Ferrara, the frequency of first ischemic
stroke did not differ significantly between indi-
viduals who previously experienced SSNHL (9
cases per 484 patients) and individuals who never
had SSNHL (9976 cases per 353,138 individuals)
(%2 test=0.4052, 1 degree of freedom, non-
significant; Table 2). The average annual crude
incidence of first ischemic stroke in Ferrara was
higher among patients who experienced SSNHL
(n=484) than among the general population of
Ferrara (310.0/100,000 [95% CI 142.0-589.0] vs.
235.3/100,000 [95% CI 221.0-250.4]); however,
given the very small number of first strokes, the
95% CI associated with the difference between
these two rates was broad (95% CI 142.0-589.0).
Furthermore, the average annual crude incidence
rate of first ischemic stroke did not differ sig-
nificantly between patients who had experienced
prior SSNHL (n=484) and the 353,138 individuals
in Ferrara who never had SSNHL (310.0/100,000
[95% CI 142.0-589.0] vs. 235.4/100,000 [95% CI
221.0-250.5]; difference between the two rates:
74.6; 95% CI associated with the difference: 28.7-
177.9).

Discussion and conclusion

Although the etiology behind SSNHL remains
unknown, the vascular hypothesis has attracted
considerableattentiontoexplainitsetiopathogenesis.
Because the cochlea is provided with a terminal
capillary bed and is not supplied by collateral
vessels, interrupted blood flow could not be restored
to ischemic regions. Moreover, as cochlear hair
cells have a high metabolic activity, they are
particularly vulnerable to hypoxic or ischemic
damage. It has been experimentally demonstrated
that cochlear tolerance to ischemia is very limited,
as the cochlear action potential is impaired after
60 seconds of anoxia, and cochlear function does
not recover after 1 hour of vascular obstruction.”'”"

According to some authors, SSNHL might also
be a risk factor for a subsequent ischemic stroke,
and this could further support the theory among the
ischemic pathogenesis of SSNHL. In the literature,
only two studies have addressed this issue thus far.
In 2008, Lin ef al. compared the onset of ischemic
stroke in two groups, the first consisting of patients
who had previously experienced SSNHL, and the
second a group of patients that had previously
undergone appendectomy (control group).” The
authors reported that the incidence of ischemic
stroke was higher in the group of patients previously
affected by SSNHL than in the control group. They
also reported that in most cases stroke occurred, on
average, approximately 2 years after the SSNHL
episodes. This was a cohort study that used hospital
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Table 2

Cases of first ischemic stroke, SSNHL, first ischemic stroke
following SSNHL, and first ischemic stroke without prior
SSNHL, in the province of Ferrara, 2001-2012

SSNHL (N)
484 inhabitants with SSNHL |9 after SSNHL*
9976 without prior SSNHL

First ischemic stroke (N)

353,138 inhabitants never
had SSNHL

9985 total
353,622 total population

* y* test=0.4052, 1 degree of freedom, non-significant.

discharge records, and it was performed using the
same methodology as the present study.” In the
second prospective study, published in 2013 by
Chia-Fan Chang et al., 349 patients affected by
SSNHL were followed for up to 5 years after
diagnosis to assess the incidence of ischemic stroke;
there was no increased incidence of ischemic stroke
in the SSNHL group compared with the healthy
population."

This retrospective cohort study aimed to evaluate
the incidence of SSNHL and that of a subsequent
ischemic stroke in the population of the province of
Ferrara. Similar to other published investigations,''*?
it has been performed using ICD-9-CM codes. In
particular, we assessed the correlation between
SSNHL and subsequent ischemic stroke in Ferrara
from 2001-2012. The incidences of first ischemic
stroke were similar in the populations of the Emilia
Romagna region and Ferrara province: 2.0/1000
individuals per year and 2.3/1000 individuals per
year, respectively. The incidences of SSNHL in the
Emilia Romagna region and in Ferrara province
were also similar: 16.1/100,000 individuals per
year and 11.4/100,000 individuals per year,
respectively. When calculating the incidence of
ischemic stroke after an SSNHL episode, we have
observed that SSNHL does not correlate with the
occurrence of a subsequent cerebral ischemic
stroke; therefore, SSNHL cannot be considered a
predisposing or predictive factor regarding stroke.
In conclusion, the present work has described the
incidence of SSNHL and ischemic stroke in Ferrara
province, Emilia Romagna, Italy. Published data
(only two available studies) regarding the risk of
subsequent cerebral ischemic event after SSNHL
are doubtful and controversial. In the present study,
we have not found any statistical correlation
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between the occurrence of SSNHL and a subsequent
ischemic stroke; it is therefore possible that the
two conditions do not share a common ischemic
etiopathogenetic mechanism. The etiopathogenetic
features of SSNHL remain controversial and not
fully understood."' * Larger and prospective
cohort studies have been undertaken to clarify this
issue." Clinical and experimental research may
provide new diagnostic approaches and innovative
therapeutic advances in the future.
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