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Abstract

Objective: The association between comorbidities and inpatient mortality with sudden senso-

rineural hearing loss (SSNHL) has not been investigated. Therefore, this study aimed to provide a

14-year nationwide incidence, and identify risk factors and comorbidities of SSNHL inpatient

mortality.

Methods: Data were obtained from the Taiwan National Health Insurance Research Database

for 2000 to 2013. Inpatient mortality of 31,258 patients hospitalized with a diagnosis of SSNHL

was recorded and analyzed.

Results: Sixteen patients with SSNHL exhibited mortality with a percentage of 0.05% and an

incidence of less than 0.01 per 100,000 people per year. The risk of variables among inpatient

mortality was associated with older age (adjusted odds ratio [OR]: 1.042, 95% confidence interval

[CI]: 1.009–1.077) and the presence of catastrophic illness (adjusted OR: 4.949, 95% CI: 1.290–

18.996). Potential comorbidities included hematologic diseases, cancers, chronic hepatitis, gas-

trointestinal bleeding, chronic obstructive pulmonary disease, seizures or convulsions, coronary

artery disease, diabetes mellitus, and varicose veins and their associated complications.
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Conclusions: This 14-year nationwide study shows that inpatient mortality rate for

SSNHL is relatively rare, but suggests we should still be aware of the potential for

such underlying conditions to cause SSNHL as well as the mortality associated with these

conditions.
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Introduction

Sudden sensorineural hearing loss

(SSNHL) is a unique and enigmatic disor-
der defined as a >30 dB sensorineural loss

over three contiguous frequencies occurring
within 3 days.1 SSNHL commonly affects

only one ear, and 70% of cases are idio-

pathic.2 Therefore, the treatment has multi-
ple therapeutic modalities based on specific

etiopathological theories including vascu-

lar, viral, autoimmune, traumatic, and
stress-induced events. Based on a nation-

wide survey over 14 years, we previously
reported that the incidence of inpatient

SSNHL has increased gradually during

this time.3 The incidence of inpatient
SSNHL from 2000 to 2013 was 9.76 per

100,000 people per year. Men were more
commonly affected than women, and hos-

pitalized patients with SSNHL most com-

monly presented in the age group of 45 to
64 years.

This survey also showed that some

patients had mortality with a coexisting
diagnosis of inpatient SSNHL. Although

SSNHL itself is not fatal, some case reports
suggest that death occurred in relation to

SSNHL.4–8 For example, Ogino-

Nishimura et al.4 reported death from a
pheochromocytoma crisis caused by sys-

temic corticosteroids used in the treatment
of patients with SSNHL. Adams et al.5

described three cases of malignant meningi-

tis from undiagnosed esophageal cancer

which presented with SSNHL, causing

rapid patient death, while Greene et al.6

suggested that paraneoplastic syndrome

may be a masquerade of autoimmune

inner ear disease related to SSNHL.

Sanecka et al.7 advocated the risk of

sudden cardiac death in patients with hear-

ing loss through early diagnosis of Jervell

and Lange–Nielsen syndrome. Arnold and

Vosteen reported the death of a patient

from a subarachnoid hemorrhage after

experiencing sudden hearing loss in her

right ear caused by a large aneurysm of

the basilar artery,8 while Ito et al.9 docu-

mented a case of life-threatening pyogenic

ventriculitis, complicating endocarditis,

presenting as sudden hearing loss. Because

most SSNHL patients first seek medical

help in an otorhinolaryngological depart-

ment, we should be aware of these underly-

ing coexisting and catastrophic diseases.
To our knowledge, no large-scale study

has previously addressed the association

between comorbidities and inpatient mor-

tality with SSNHL. Therefore, in this

study, we analyzed the Taiwanese nation-

wide database to investigate the incidence

and potential comorbidities in SSNHL

patients with mortality over a 14-year

period.
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Materials and methods

Data sources

The present study used data from the
National Health Insurance Research
Database (NHIRD) to investigate inpatient
mortality in patients with SSNHL over a
14-year period using the inpatient
Longitudinal Health Insurance Database
in Taiwan (2000–2013).

Study design and sampled participants

This retrospective cross-sectional study
enrolled patients who were hospitalized
with a diagnosis of SSNHL (ICD-9-CM:
388.2) during 2000 to 2013. We excluded
patients with missing information regarding
age and sex. A total of 31,258 patients were
enrolled in this study, and the inpatient
mortality was recorded and analyzed.

Potential confounding variables

We considered variables believed to affect
the survival and mortality of inpatients with
sudden hearing loss—namely sex, age, cat-
astrophic illness, urbanization level, surgery
and level of medical care—as potential con-
founders. We defined catastrophic illness
using the definition of the Ministry of
Health and Welfare in Taiwan, which con-
tains 30 categories that include cancer,
hematological abnormality (coagulopathy,
anemia), renal failure, generalized autoim-
mune diseases, chronic mental disorders,
congenital metabolic disorders, major
organ abnormality, massive burns, major
organ transplantation, complicated nervous
or musculoskeletal disorders, an injury
severity score more than 16, respiratory
failure, uncorrected malnutrition status,
myasthenia gravis, spinal cord injuries,
occupational diseases, cerebro-vascular
diseases (acute stage), multiple sclerosis,
leprosy, complicated liver cirrhosis,
toxic effects of arsenic and its

compounds, Creutzfeldt–Jakob disease,
and rare diseases.10 We also considered
the following comorbidities: diabetes melli-
tus (ICD-9-CM: 250) [DM], hypertension
(ICD-9-CM: 401–405) [HT], depression
(ICD-9-CM: 296.2, 296.3, 296.82, 300.4,
and 311), insomnia (ICD-9-CM: 780.52),
stroke (ICD-9-CM: 430–438), chronic
kidney disease (ICD-9-CM: 585) [CKD],
osteoporosis (ICD-9-CM: 733.00–733.09),
anemia (ICD-9-CM: 280–285), hyperlipid-
emia (ICD-9-CM: 272), and systemic lupus
erythematosus (ICD-9-CM: 710.0) [SLE].

Statistical analysis

All statistical analyses were performed
using SPSS version 22.0 (IBM Corp.,
Armonk, NY, USA). Categorical and con-
tinuous variables were evaluated using the
chi-squared test, Fisher’s exact test, or
t test, as appropriate. Poisson regression
was used to identify the risk factors for
inpatient mortality, and the results are
presented as odds ratios (ORs) and 95%
confidence intervals (CIs).

Ethics statement

The NHIRD provides encrypted patient
identification numbers associated with rele-
vant claims information. All analyzed data
were devoid of identifiable personal infor-
mation, so patient consent was not required
to access the NHIRD. The Institutional
Review Board of Tri-Service General
Hospital approved this study (TSGHIRB
No. 2-104-05-126) and waived the require-
ment of informed consent.

Results

Data from 2000 to 2013 revealed 31,258
cases (31,242 survival vs 16 mortality) of
hospitalized patients with SSNHL in
Taiwan. Patient characteristics are listed in
Table 1. Overall, 16 patients with SSNHL
exhibited inpatient mortality (12 men, four

Kuo et al. 3



Table 1. Characteristics of patients with sudden sensorineural hearing loss.

Survival Mortality

pVariable n % n %

Total 31,242 99.95 16 0.05

Sex 0.068

Male 16,711 53.49 12 75.00

Female 14,531 46.51 4 25.00

Age (years) 50.29� 16.70 60.14� 18.01 0.018

Age group (years) 0.028

0–4 40 0.13 0 0.00

5–14 511 1.64 1 6.25

15–24 2,195 7.03 0 0.00

25–44 8,319 26.63 1 6.25

45–64 13,743 43.99 6 37.50

�65 6,434 20.59 8 50.00

Catastrophic illness 0.001

No 30,427 97.39 12 75.00

Yes 815 2.61 4 25.00

DM 0.621

No 26,962 86.30 14 87.50

Yes 4,280 13.70 2 12.50

HT 0.086

No 26,803 85.79 16 100.00

Yes 4,439 14.21 0 0.00

Depression 0.955

No 31,153 99.72 16 100.00

Yes 89 0.28 0 0.00

Insomnia 0.908

No 31,055 99.44 16 100.00

Yes 187 0.56 0 0.00

Stroke 0.697

No 30,546 97.78 16 100.00

Yes 696 2.22 0 0.00

CKD 0.888

No 31,011 99.26 16 100.00

Yes 231 0.74 0 0.00

Osteoporosis 0.980

No 31,202 99.87 16 100.00

Yes 40 0.13 0 0.00

Anemia 0.012

No 30,920 98.97 14 87.50

Yes 322 1.03 2 12.50

Hyperlipidemia 0.617

No 30,314 97.03 16 100.00

Yes 928 2.97 0 0.00

SLE 0.982

No 31,207 99.89 16 100.00

Yes 35 0.11 0 0.00

(continued)

4 Journal of International Medical Research



women; 0.05%), representing an incidence

of less than 0.01 per 100,000 people per

year. The mean age of the inpatient mortal-

ity group was 60.14� 18.01 years and that

of the survival group was 50.29� 16.70

years (p¼ 0.018). There were higher percen-

tages of men (75% vs 53.5%), patients aged

>65 years (50% vs 20.6%), catastrophic ill-

ness (25% vs 2.6, p¼ 0.001%), and anemia

(12.5% vs 1, p¼0.012%) in SSNHL patients

with mortality compared with those who

survived. There were no significant differ-

ences in DM, HT, depression, insomnia,

stroke, CKD, osteoporosis, hyperlipidemia,

or SLE between the two groups.

Approximately 94.7% of SSNHL patients

who survived were hospitalized in the

ENT department, compared with 43.8%

of those with mortality (p< 0.001).

Significantly longer hospitalized days

(8.38� 10.27 vs 5.64� 2.88 days, p<
0.001) and higher costs (2880� 5146 vs

681� 676 USD, p< 0.001) were associated

with SSNHL patients with mortality com-

pared with those who survived.

Poisson regression with multivariate

adjustment was used to evaluate the risk

factor of inpatient mortality in SSNHL

patients (Table 2). This revealed that the

risk of variables among inpatient mortality

with SSNHL is associated with older age

(adjusted OR: 1.042, 95% CI: 1.009–

1.077) and the presence of catastrophic

illness (adjusted OR: 4.949, 95% CI:

1.290–18.996). A reduction in the risk of

variables among inpatient mortality with

SSNHL was shown to be associated with

admission to the ENT department (adjust-

ed OR: 0.056, 95% CI: 0.017–0.186). No

significant differences in sex, urbanization

level, level of hospital, surgery event, or

other comorbidities were observed.
Details of SSNHL inpatient mortality

are presented in Table 3. Of 16 mortalities,

12 occurred within 1 week of hospitaliza-

tion. Eight patients older than 65 years,

six patients from the 45- to 64-year age

group, one 28-year-old patient, and one

12-year-old patient died. The various

comorbidities and etiologies included

Table 1. Continued.

Survival Mortality

pVariable n % n %

Urbanization level 0.279

1 (Highest) 12,487 39.97 6 37.5

2 15,636 50.05 7 43.75

3 1,094 3.50 2 12.50

4 (Lowest) 2,025 6.48 1 6.25

ENT department <0.001

No 1,649 5.31 9 56.25

Yes 29,593 94.69 7 43.75

Surgery 0.469

No 30,031 96.12 15 93.75

Yes 1,211 3.88 1 6.25

Length of days 5.64�2.88 8.38�10.27 <0.001

Medical cost (USD) 681�676 2880�5146 <0.001

DM, diabetes mellitus; HT, hypertension; CKD, chronic kidney disease; SLE, systemic lupus erythematosus; ENT, ear nose

and throat
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hematologic diseases, cancers, chronic hep-

atitis, gastrointestinal (GI) bleeding, chron-

ic obstructive pulmonary disease, seizure or

convulsion, coronary artery disease, DM,

and varicose veins and their associated

complications such as organ failure.

However, two patients (one 48-year-old

woman and one 55-year-old man) with oto-

logic diagnoses only (sudden hearing loss

and tinnitus) died on the sixth day of

hospitalization.

Discussion

To the best of our knowledge, this is the

first large-scale survey to indicate the

incidence of inpatient mortality and poten-

tial comorbidities in patients with SSNHL

from 2000 to 2013 in Taiwan. Taiwan’s

National Health Insurance (NHI) is a

single-payer compulsory health insurance

policy launched in 1995 that covered

>99.5% of the 23.74 million Taiwanese citi-

zens in 2014; data from the NHI serve as a

database with high validity and integrity to

achieve accurate epidemiological estimates

and in-hospital mortality.3,11

SSNHL patient mortality is relatively

rare and barely reported. Chau et al.2 has

reviewed the etiology in adult SSNHL

which commonly affects unilateral

SSNHL, although 70% of SSNHL is

Table 2. Poisson regression factors of mortality in patients with sudden sensorineural hearing loss.

Variable Crude OR 95% CI p Adjusted OR 95% CI p

Sex

Male 2.609 0.841–8.090 0.097 2.415 0.739–7.892 0.144

Female Reference Reference

Age (years) 1.041 1.006–1.076 0.020 1.042 1.009–1.077 0.012

Catastrophic illness

No Reference Reference

Yes 12.445 4.005–38.668 <0.001 4.949 1.290–18.996 0.020

DM

No Reference Reference

Yes 0.900 0.204–3.961 0.889 0.850 0.181–3.990 0.837

Anemia

No Reference Reference

Yes 13.718 3.105–60.603 0.001 3.600 0.697–18.579 0.126

Urbanization level

1 (Highest) 0.973 0.117–8.086 0.980 2.616 0.271–25.241 0.406

2 0.907 0.111–7.372 0.927 1.423 0.161–12.621 0.751

3 3.702 0.335–40.873 0.285 4.561 0.379–54.917 0.232

4 (Lowest) Reference Reference

ENT department

No Reference Reference

Yes 0.043 0.016–0.117 <0.001 0.056 0.017–0.186 <0.001

Surgery

No Reference Reference

Yes 1.653 0.218–12.526 0.627 0.452 0.045–4.557 0.501

Length of days 1.088 1.037–1.142 0.001 1.016 0.943–1.094 0.684

Medical cost (USD) 1.000 1.000–1.001 <0.001 Collinearity with length of days

OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; ENT, ear, nose and throat

Adjusted OR: all variables listed in Table 1 were adjusted.
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Table 3. Details of mortality in patients with sudden sensorineural hearing loss.

Length of days Sex Age (years) N1 Code N2 Code N3 Code N4 Code N5 Code

2 Male 68.68 368.10 388.2 780.39 414.01

2 Male 75.08 496 518.81 388.2

3 Male 59.66 518.4 428.9 584.9 250.90 388.2

3 Male 64.31 204.00* 203.00* 284.9* 388.2 287.4

4 Male 12.53 388.30 388.2 493.90

4 Male 68.30 388.2 284.8* 518.81 038.9 276.9

5 Female 55.42 454.9 388.2

5 Female 57.34 162.3* 196.0* 198.4* 780.39 388.2

5 Male 77.24 148.9* 197.0* 388.2 V10.11

6 Female 48.32 388.2 388.30

6 Male 55.51 388.2

7 Male 65.92 414.8 428.0 414.0 388.2 533.90

9 Female 73.52 388.2 593.9 571.40 578.9 591

12 Male 71.55 785.59 578.9 388.2 571.5* 250.40

17 Male 80.23 162.3* 196.3* 518.81 038.9 388.2

44 Male 28.69 388.2 204.00* 288.0 785.59 518.81

Malignancy 148.9*: Malignant neoplasm of the hypopharynx; 162.3*: Malignant neoplasm

of the upper lobe, bronchus, or lung; 196*: Secondary and unspecified

malignant neoplasm of lymph nodes; 197.0*: Secondary malignant neoplasm

of the lung; 198.4*: Secondary malignant neoplasm of other parts of the

nervous system; V10.11: Personal history of malignant neoplasm of the

bronchus and lung

Hematology 203.00*: Multiple myeloma, without mention of having achieved remission;

204.00*: Acute lymphoid leukemia, without mention of having achieved

remission; 284*: Aplastic anemia and other bone marrow failure syndromes;

28.69: Other and unspecified coagulation defects; 287.4: Secondary

thrombocytopenia; 288.0: Neutropenia

Otology 386.10: Other peripheral vertigo; 388.2: Sudden hearing loss, unspecified;

388.30: Tinnitus, unspecified

Cardiovascular

disease

428: Heart failure; 454.9: Asymptomatic varicose veins; 414/414.01/414.8:

Chronic ischemic heart disease; 57.34: Hepatic infarction

Pulmonary disease 493.90: Asthma, unspecified type; 496: Chronic airway obstruction,

not classified elsewhere; 518.4: Acute edema of the lung, unspecified;

518.81: Acute respiratory failure

Gastroenterology 533.90: Peptic ulcer; 55.51: Regional enteritis, large intestine; 571*/571.5*:

Chronic liver disease and cirrhosis; 571.40: Chronic hepatitis;

578.9: Hemorrhage of the gastrointestinal tract, unspecified;

77.24: Fetal and neonatal gastrointestinal hemorrhage

Nephrology 584.9: Acute kidney failure, unspecified; 591: Hydronephrosis;

593.9: Unspecified disorder of the kidney and ureter;

59.66: Rupture of the bladder, nontraumatic

Infection 12.53: Onchocerciasis; 68.3: Acute lymphadenitis;

68.68: Other specified local infection of the skin and subcutaneous tissue

Miscellaneous 038.9: Unspecified septicemia; 250: Diabetes mellitus;

276.9: Mixed acid–base balance disorder; 78.05: Sleep disturbance;

780.39: Other convulsions; 785.59: Other shock without mention of trauma

Skeleton 73.52: Hallux rigidus; 80.23: Fracture of the mandible, open

*Included in the catastrophic illness defined by the Ministry of Health and Welfare, Taiwan.
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idiopathic. Additionally, rapidly progres-
sive hearing loss is often unilateral initially,
but then progresses to bilateral involve-
ment.12 Therefore, the mortality of patients
with unilateral SSNHL would be expected
to be extremely rare,12 yet Sara et al.13

reported an overall mortality rate of
15.5% in bilateral SSNHL patients. In our
present study, 16 cases of inpatient mortal-
ity (12 men, and 4 women) were identified,
with an estimated mean mortality rate of
0.05% and a mortality incidence of less
than 0.01 per 100,000 person-years.
Table 2 shows that the risks of variables
among inpatient mortality are associated
with older age and the presence of cata-
strophic illness.

No previous reports have investigated
the association between SSNHL and mor-
tality in older individuals, although some
have studied that between hearing impair-
ment and mortality.14,15 Karpa et al.14 indi-
cated that hearing loss is associated with an
increased risk of mortality through mediat-
ing variables, including disability in walking
and self-rated health in older individuals.
Fisher et al.15 reported that older men
with hearing impairment had a greater
risk of dying from any cause, and particu-
larly cardiovascular causes, within a median
5-year follow-up time. Catastrophic illness
is not a common comorbidity, occurring in
only 2.6% of SSNHL patients who sur-
vived, but was associated with a risk of var-
iables among inpatient mortality as shown
in Table 1.3 In our report, seven out of 16
(43.8%) mortality cases with SSNHL had
at least one catastrophic illness as shown
in Table 3. A reduced risk of variables
among inpatient mortality with SSNHL
was associated with admission to the ear,
nose and throat (ENT) department (adjust-
ed OR: 0.056, 95% CI: 0.017–0.186). This
suggests that patients admitted to depart-
ments other than ENT presented with
more severe underlying comorbidities that
led to mortality.

Based on Table 3 details of inpatient
mortality, we surmise that most patients
died from their severe underlying comor-
bidities, and that SSNHL was merely one
of the manifestations in patients with mor-
tality. This echoes why a higher mortality
rate was observed in patients admitted to
departments other than ENT, those with
longer hospital stays, and those with
higher medical costs. Coronary artery dis-
ease or DM were observed in three patients
(cardiovascular diseases); vital organ fail-
ure, GI bleeding, and shock were observed
in seven patients (unstable hemodynamics);
and cancer and hematologic disease were
found in six patients (hypercoagulability
condition).16–19 However, there is still
some causality that cannot be fully inter-
preted by the diagnoses alone. Two cases
with a diagnosis of sudden hearing loss
with or without tinnitus died on the sixth
day of hospitalization. Given the lack of
further evidence, we speculate that they
died from complications of treatment or
some undiagnosed or related diseases.8,20

We summarize the three possible causes
of mortalities in patients with SSNHL as
follows: 1) severe complications caused by
systemic steroid application (e.g., pheo-
chromocytoma crisis) leading to severe or
uncontrollable HT, acute myocardial
infarction, pulmonary edema, stroke,
organ failure, and even death;4 2) SSNHL
presenting as a local manifestation of an
underlying catastrophic illness such as auto-
immune disease, antiphospholipid syn-
drome, cardiovascular disease,
leptomeningeal carcinomatosis, or paraneo-
plastic syndrome;6,7,21–24 and 3) locally
aggressive diseases, for example patients
with SSNHL dying from large vestibular
schwannomas that caused brain herniation
and ruptured basilar artery aneurysms.8,20

Our study has several limitations. First,
the identification of SSNHL was based on
diagnosis codes (maximal coding with five
diagnoses, N1 code to N5 code) so may not

8 Journal of International Medical Research



have been listed as the main diagnosis (N1

code). Second, the study does not provide

clinical information of the patients’ direct

causes of death and their hospital course.

Finally, the study does not specify whether

patients had uni- or bilateral SSNHL or

disease severity and progression.

Conclusions

Our results reveal the relatively low inci-

dence of inpatient mortality over a 14-year

survey period in patients with SSNHL.

They indicate that inpatient mortality for

patients with SSNHL is likely caused by a

severe underlying comorbidity or illness

that precipitated SSNHL. We suggest that

otolaryngologists should be aware of the

potential for such underlying conditions to

be causative of SSNHL, as well as the pos-

sible mortality associated with these

conditions.
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