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Introduction

A diagnosis of steroid-dependent sensorineural 
hearing loss (SDSNHL) requires a definite 
dependency on steroids; hearing loss improves 
with steroid administration, deteriorates upon 
discontinuation of or a decrease in the dose of the 
steroid, and improves again with resumption or an 
increase in the dose of the steroid.1 When SDSNHL 
is suspected, patients are treated with Prednisolone 
(PSL), which is started at 30-40 mg/day. When 
hearing improves, the dose is decreased to 10 mg 
by 5 mg every 3-5 days, and it is tapered off very 
slowly (1 mg decrease per 3-4 months) from 10 mg 
to 0 mg. If a subject’s hearing deteriorates while 
the PSL dosage is being decreased, the dosage is 
increased by 50%.1 SDSNHL is classified into two 
subtypes, namely the systemic type (S-SDSNHL) 
and the inner ear–specific type (IE-SDSNHL).1 
S-SDSNHL is now thought to be attributable to 

overlapping conditions of autoimmune vascular 
diseases such as Takayasu arteritis and Cogan’s 
disease.1,2 IE-SDSNHL patients, however, do not 
have any known systemic autoimmune disease, and 
the underlying mechanism of hearing loss is not 
apparent. 

Hearing levels of patients with SDSNHL worsen 
even with maintenance doses of steroids,1,3 but the 
mechanism of this hearing deterioration remains 
unclear. Systemic stress from an infection such 
as the common cold has been suggested to be 
the trigger even if the infection does not directly 
damage the inner ear.1 In this context, several 
specific infectious diseases are known to cause 
fluctuating sensorineural hearing loss (SNHL), 
for example, syphilis, cytomegalovirus (CMV), 
herpes simplex virus (HSV), varicella zoster 
virus (VZV), and human immunodeficiency virus 
(HIV).4-7 Mechanisms involved in the induction of 
SNHL by these pathogens are direct damage to the 
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neutrophilic dermatosis, cystitis, stasis dermatitis, 
and an abscess in the lower leg with/without steroid 
discontinuation by doctors other than otological 
specialists preceded the seven episodes of acute 
hearing deterioration (Figure 1 R1, R4, L3, L4, 
L6 and Figure 2e (L7), f (L8); R or L in italic 
type indicates that the hearing deterioration was 
preceded by an infectious symptom.). This patient 
had experienced vertigo or dizziness several times, 
but it was not accompanied by hearing deterioration, 
and nystagmus had not been observed. Serologic 
tests for syphilis and Treponema pallidum 
hemagglutination were negative. Blood analysis 
related to immunodeficiency and autoimmune 
diseases such as proteinase-3 anti-neutrophil 
cytoplasmic antibody (ANCA), myeloperoxidase-
ANCA, and antinuclear antibodies revealed no 
abnormalities. Antibodies against P0 protein or 68-
kDa protein (also known as heat-shock protein 70) 
were not examined11,12 because they are not used in 
ordinary laboratory panels and are not available 
under our national insured medical treatment. 
Serologic tests for CMV, HSV, VZV, and HIV were 
not conducted because, although these pathogens 
are known to cause hearing loss, their clinical 

inner ear, (re-)activation and/or secondary infection 
within the auditory pathway in the central nervous 
system during an immunocompromised state, or 
host immune response to pathogen antigens.4,6 In 
addition to the effects caused by these well-known 
pathogens, systemic stress from other ordinary 
infectious diseases such as the common cold could 
cause SNHL through the stress response theory of 
the cochlear lateral wall (LW), in which the LW 
inflammatory responses are induced by systemic 
stress.8-10 Similarly, hearing deterioration in a 
patient with SDSNHL might be caused by the stress 
response of the LW to systemic stress. However, 
a clear diagnosis of a systemic infectious disease 
and/or evidence of the infection such as a positive 
bacterial examination at the onset of hearing 
deterioration have not previously been reported 
in any patient with SDSNHL. Here we describe 
a 53-year-old woman with IE-SDSNHL in which 
the relationship between the infection and hearing 
deterioration was clear based on recurrent clinical 
episodes of hearing deterioration with a systemic 
infectious disease diagnosed by specialists and/or 
a positive bacterial examination. We discuss the 
underlying mechanisms of hearing deterioration 
in SDSNHL following systemic stress through the 
stress response theory. Although it is impossible 
to observe and prove the LW response in a living 
patient using current technology, the present case 
might substantiate the theory. Finally, the present 
case suggests that prevention of infection may be 
critical for maintaining hearing levels in SDSNHL 
patients.

Case report

1. Overview of the clinical course over 11 years

The case was a 53-year-old female whose chief 
complaint was a sensation of right ear fullness. 
She had no recorded medical history of illness, 
including autoimmune diseases. During the 
patient’s first visit to our clinic, she was diagnosed 
with right sudden SNHL. One year and 10 months 
after the visit, however, she was diagnosed with 
SDSNHL on the basis of the definite dependency 
on steroid administration as described below. She 
experienced multiple episodes of acute hearing 
deterioration and hearing level fluctuation in one 
ear or the other over the follow-up period of 11 
years (Figure 1 and Figure 2). Infections such as 
the common cold, lymphadenitis, pharyngitis, 

Figure 1
Changes in the PTA and PSL dose during the first half of the 
clinical course for this patient.
Individual episodes of acute hearing impairment are indi-
cated in the right (R) and left (L) ears, and the Prednisolone 
(PSL) doses given throughout the period are indicated. PTAs 
responded to steroid administration. The patient experienced 
infection-induced hearing deterioration at R1, R4, L3, L4, and 
L6 during this period (as indicated by italics).
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Figure 2
Representative audiograms acquired during the episodes of acute hearing deterioration and fluctuation of the right ear (a, b) and 
left ear (c–f) accompanied by infectious symptoms. Solid lines and dotted lines indicate hearing levels of the right and the left ear, 
respectively.
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effect of PSL. Hearing levels recovered with 30 
mg PSL (PTA = 28 dB). On the basis of steroid 
responsiveness during the course at this point, she 
was diagnosed with SDSNHL. Therefore, the long-
term PSL administration was started. 

L4: After 2 years, 9 months, the patient 
developed the fourth incidence of left ear hearing 
loss (PTA = 73 dB) following a high fever (39.8°C), 
herpes zoster pharyngitis, and purpura bilaterally 
on her legs from neutrophilic dermatosis, which 
was diagnosed by a dermatologist. The WBC was 
11,000/dL and the erythrocyte sedimentation rate 
was 17 mm/hour, which was both above normal 
limits. PSL was discontinued by the dermatologists 
to avoid the aggravation of the viral infection, and 
then the left hearing levels worsened substantially 
(Fig. 1 L4 and Fig. 2c). After a 14-day cessation 
of PSL, we resumed the administration of PSL at 
40 mg, and hearing levels returned to their levels 
before the onset of L4 (PTA = 25 dB). 

L5: After 3 years, 7 months, left-ear hearing 
levels worsened (PTA = 63 dB) without any 
symptoms of infectious disease, so PSL was 
temporally increased from 9 mg to 30 mg, and the 
hearing levels recovered.

L6: After 5 years, 10 months, the patient was 
taking a maintenance dose of 7 mg PSL but 
developed the sixth incidence of left hearing loss 
(PTA = 71 dB) with cystitis that was diagnosed by 
urologists (Fig. 1 L6 and Fig. 2d). Her urine was 
positive for Escherichia coli, and the symptoms 
of infection such as frequent urination subsided 
following administration of a new quinolone 
antibiotic. PSL was increased from 7 mg to 10 
mg. Notably, PTA improved to 40 dB after cystitis 
resolved. Low-dose PSL (≤10 mg) was maintained 
thereafter, and she developed no remarkable hearing 
deterioration.

L7: After 9 years, the patient’s hearing levels 
fluctuated during a 12-month period, although the 
PSL dose had been maintained at ≤10 mg (Fig. 2e). 
During this period, she had edema bilaterally in her 
lower legs from suspected stasis dermatitis. 

L8: After 10 years, the patient’s left-ear hearing 
levels deteriorated acutely and profoundly (PTA 
= 90 dB) (Fig. 2f). The episode began with her 
suffering from cellulitis and an abscess in her lower 
leg after a fall from a bicycle. A surgeon conducted 
incisional drainage of the abscess and decreased 
the PSL maintenance dose from 8 to 0 mg over 
7 days to avoid immunosuppression by PSL. Ten 

features were not consistent with the present case, 
as mentioned in the Discussion.

2. Chronological details of hearing loss

The first hearing deterioration of the right ear (R1): 
The patient developed right ear fullness following 
symptoms of a common cold (headache, rhinorrhea, 
and cough). She visited our clinic ~4 weeks 
after initially experiencing the right-ear fullness. 
Inspection of her ear, nose, and throat revealed 
nothing abnormal. Pure-tone audiometry showed 
right SNHL for which the pure-tone average (PTA; 
500 Hz + 1 kHz × 2 + 2 kHz × 2 + 4 kHz)/6) was 50 
dB (Fig. 1 R1 and Fig. 2a). She was diagnosed with 
right sudden SNHL and thus administered PSL 
perorally, gradually decreasing from 60 mg to 0 mg 
over 14 days, and the PTA for the right ear returned 
to 27 dB (Figure 2a). 

R2: Hearing levels improved after treatment 
with PSL, but they worsened upon PSL 
cessation; however, they improved again upon re-
administration of PSL (Figure 1 R2).

R3 and L1: After 2 months, right and left hearing 
levels worsened without symptoms of infection 
(PTA = 77 and 47 dB in the right and left ear, 
respectively); 30 mg PSL perorally, gradually 
decreasing over 10 days, was administered, and the 
hearing levels recovered (PTA = 23 and 17 dB in 
the right and left ear, respectively; Fig. 1 R3, L1). 

L2: After 10 months, hearing levels in the left 
ear worsened without symptoms of infection (PTA 
= 42 dB), and they tended to improve without PSL 
(PTA = 18 dB) (Figure 1 L2). 

R4: At 1 year, 5 months after the first hospital 
visit, the patient developed severe SNHL in the 
right ear (PTA = 91 dB) with lymphadenitis in the 
upper deep cervical region, and she had remarkable 
swelling and tenderness in the right upper neck. 
Treatment with 60 mg PSL perorally, gradually 
decreasing from 60 mg to 0 mg over 24 days, did 
not dramatically improve her hearing levels (Fig.
ure 1 R4 and Figure 2b). After this hearing loss, the 
PTA continued to increase and did not recover fully.

L3: After 1 year, 10 months, left-ear hearing 
levels worsened concomitantly with an increase 
in white blood cell (WBC) count (PTA = 47 dB). 
The patient did not complain of any subjective 
symptoms of infectious disease, but her WBC 
count was 10,400/dL. She was not receiving PSL 
at that time, so the WBC increase was not an 
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PSL to control hearing deterioration, and hearing 
levels do not deteriorate following cessation of 
PSL. The clinical features of these pathogens that 
are well known to cause SNHL are not consistent 
with the definite steroid dependency of hearing in 
a patient with IE-SDSNHL. However, serological 
tests for viruses should hereafter be conducted 
at least once in clinical practice for patients with 
fluctuating and/or progressive hearing loss if they 
are covered by health insurance. 

Given that IE-SDSNHL responds to steroids 
and needs a maintenance dose of steroids to 
control hearing deterioration, chronic inflammation 
caused by autoinflammation, inner ear–specific 
autoimmunity (including anti-P0, anti-68-kDa, 
and other undetectable autoantibodies), or a 
combination of both may exist. Immune-mediated 
autoinflammation was first proposed in 1999 
and describes a type of inflammation mediated 
by dysregulation or overactivation of the innate 
immune system without autoantibodies, whereas 
autoimmune diseases are characterized by the 
presence of autoantibodies.13

In general, infection, even the so-called common 
cold, exacerbates an ongoing autoimmune 
response and autoinflammation.13 However; it is 
not easy to understand why a systemic infection 
far from the ears affects the function of the inner 
ear in IE-SDSNHL. The stress response theory 
of the cochlear LW may explain this mechanism. 
The LW is essential for normal hearing, and its 
dysfunction causes fluctuating, reversible and/or 
irreversible hearing loss; it is also the active site for 
autoimmunity and autoinflammation.8,9,10,14,15 NF-
κB, a transcription factor known as a stress sensor, 
is activated in cells of the LW in response to various 
systemic stresses, and it induces expression of NF-
κB-associated inflammatory molecules.8,9,10,14,16 

The cochlear inflammatory responses upon NF-
κB activation in the LW are induced by systemic 
stress but not by local stress.8,9,10,16 For example, 
intraperitoneal injection with the bacterial 
endotoxin lipopolysaccharide or high-fat diet–
induced obesity in mice causes NF-κB activation 
in the LW.16,17 Furthermore, the systemic stress that 
leads to a stress response in the LW does not need 
to result from infection with one of the specific 
pathogens that is known to cause SNHL such as 
syphilis, CMV, HSV, VZV, or HIV. In the present 
case, various systemic infections (the common cold, 
lymphadenitis, pharyngitis, cystitis, dermatitis, 

days after the PSL cessation, the PTA deteriorated 
to 90 dB. We resumed peroral PSL administration 
beginning with 60 mg, and intratympanic injection 
of the steroid betamethasone was conducted six 
times over a 3-week period, and low-dose PSL (≤10 
mg) was maintained thereafter. The PTA recovered 
from 100 dB to 56 dB, and the maximum speech 
discrimination score recovered from 20% to 80%.

Discussion

No specific diagnostic tests have been developed 
for SDSNHL. Numerous studies have focused 
on finding autoantigens and autoantibodies that 
cause SNHL such as P0 protein, 68-kDa protein, 
antinuclear antibody, and antiphospholipid 
antibodies.11,12 However, none of these studies have 
been validated to offer clinically useful information 
in the treatment of SNHL because of the lack of 
definite association between a positive test result 
and response to steroid treatment.11,12 Therefore, 
we continue to diagnose SDSNHL based on the 
clinical course of the disease following steroid 
administration. In the present case, clinical 
examinations did not show systemic autoimmune 
disease such as autoimmune vascular diseases 
associated with S-SDSNHL, and the clinical 
features were consistent with IE-SDSNHL. 

The underlying mechanism of IE-SDSNHL and 
its hearing deterioration under a maintenance dose 
of PSL is not apparent. It is possible that certain 
pathogens could lead to fluctuating hearing loss. 
Syphilis, in particular, is a well-established cause 
of acquired fluctuating and progressive SNHL,6 
although it can be excluded by serologic tests 
in the present case. CMV is also well known to 
cause progressive and/or fluctuating hearing loss.4,7 
However, CMV-induced hearing loss generally 
develops by childhood even in nonsyndromic 
congenitally infected children.7 Late activation may 
appear in adulthood but is usually associated with 
an extremely immunocompromised state such as 
during HIV infection or immunosuppressive therapy 
after organ transplantation.4,7 Hearing loss caused 
by CMV is treated with antiviral medication such 
as ganciclovir, and its improvement is not steroid 
dependent.4,5,7 Reactivation of HSV or VZV can 
cause SNHL in adulthood. Although SNHL caused 
by HSV, VZV, or other viruses could be steroid 
responsive, it is not steroid dependent; SNHL from 
these viruses, does not need a maintenance dose of 
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and/or autoimmunity that is reactivated by 
systemic stress such as infectious disease. Although 
definitive evidence of LW-specific stress response 
to systemic stress cannot be established in a living 
patient using current technology, the present case 
might represent the stress response theory.
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