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Background and Objectives: This study aimed to investigate prognostic factors in patients
with idiopathic sudden sensorineural hearing loss (ISSNHL). Subjects and Methods: From
January 2007 to December 2011, a retrospective chart review identified 494 consecutive
patients with ISSNHL. Demographic, audiometric, and clinical data were analyzed using a
logistic regression test. Results: Hearing recovery from ISSNHL was significantly associated
with factors such as age, duration from onset of symptoms to commencement of treatment,
severity of the initial pure tone threshold, and the treatment method. Intratympanic (IT) ste-
roid administration alone showed a comparable efficiency to oral steroid administration with
or without IT steroid injection. In patients who received IT steroid injection, the duration from
onset to treatment, severity of initial hearing loss, and sequential IT steroid injection following
systemic steroid administration were statistically associated with hearing improvement. Con-
clusions: Age, severity of initial pure tone threshold, duration from onset to treatment, initial
speech discrimination, and initial pure tone threshold are statistically significant prognostic
factors related to hearing improvement in ISSNHL. IT steroid injection as an initial single
treatment is comparable to systemic oral steroid administration.
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this work.

Introduction

Idiopathic sudden sensorineural hearing loss (ISSNHL)
is defined as sudden-onset hearing loss without a definite
cause. Because recovery from ISSNHL is possible within 2—
3 months after its onset [1], early treatment with systemic ste-
roids [2], intratympanic (IT) steroid injection [3], and/or hy-
perbaric oxygen therapy is necessary. However, a serviceable
degree of hearing is not recovered in one-third to two-third of
patients, even after these patients receive treatments that have

This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (http:/creative-
commons.org/licenses/by-nc/4.0/) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

been deemed appropriate by evidence-based analysis [2,4-6].

Although the etiology of ISSNHL is not well clarified, in-
flammation or microvascular compromise of the labyrinth or
cochlea nerve has been suggested [7]. Given the ambiguity
of the target of the treatment, standard treatments may not
be adequate for recovery of the end organs in some patients.
Therefore, systemic or IT steroid treatment is effective only
in patients with a good prognosis.

Many prognostic factors have been reported for ISSNHL.
More severe initial hearing loss, advanced age, vertigo, de-
scending type of audiogram, cardiovascular risk factors such
as diabetes, hypercholesterolemia, and hyperglycemia were
shown to be negatively correlated with recovery [7]. Recent-
ly, metabolic factors such as diabetes, hyperlipidemia, and
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hyperglycemia have been shown to be significantly related
to recovery from hearing loss [8-10].

Systemic steroids are the standard initial treatment for
ISSNHL, although a placebo-controlled study showed that
systemic steroids did not result in superior improvement [11].
IT steroid injections are effective when they are used alone
or with systemic steroid administration. Although improve-
ment appears to be superior when a combination of systemic
and IT steroids is used, a consensus does not exist regarding
the use of the combination method [3,12,13].

In this study, we aimed to find objective prognostic factors
other than those previously reported and to determine the
best combination of systemic administration and IT steroid
injection.

Subjects and Methods

A retrospective chart review was performed between Janu-
ary 2007 and December 2011, and 494 consecutive patients
with ISSNHL were enrolled in the present study. The Institu-
tional Review Board of Asan Medical Center approved the
study protocol (2012—0799).

Oral prednisolone was used as the initial treatment. Meth-
ylprednisolone (0.8 mg/kg) was given orally once a day for
the first 9 days, and this dose was tapered over the next 5
days. IT dexamethasone (5 mg/mL) was administered under
several different conditions: together with systemic steroid
treatment, following systemic steroid treatment, or alone in
some cases. Dexamethasone was injected so that it filled
more than half of the tympanic cavity; during treatment, the
patient was positioned with his/her head turned to the oppo-
site side. After the injection, the patient was instructed to
maintain the position and to avoid swallowing for 30 minutes.

Pure tone averages (PTA) were calculated by averaging
the pure tone levels at 500, 1,000, 2,000, and 4,000 Hz. Two
months after the initial treatment, follow-up pure tone audi-
ometry was performed. The hearing outcome was assessed
based on Siegel’s criteria: 1) complete recovery of final hear-
ing, defined as better than 25 dB regardless of initial hearing,
2) partial recovery, defined as >15 dB of gain and a final
hearing level between 25 and 45 dB, 3) slight improvement,
defined as >15 dB of gain and final hearing worse than 45
dB, and 4) no improvement, defined as <15 dB of gain or fi-
nal hearing worse than 75 dB [14].

Data were obtained through medical chart review in order
to validate the expected prognostic factors such as duration
from the onset of symptoms to commencement of treatment,
initial pure tone threshold, speech discrimination, pattern of
hearing loss, medical history, blood test results, and treat-

10 JAudiol Otol 2017;21(1):9-15

ment options.

We used SPSS 18.0 (SPSS software; SPSS Inc., Chicago,
IL, USA) for statistical analysis. A logistic regression test
was used to assess the prognostic value of the clinical factors,
comorbidities, laboratory findings, and treatment options. Vari-
ables with p<0.01 in univariate analyses were selected for mul-
tivariate analysis by using a logistic regression test to evalu-
ate the independent prognostic value of each factor. For each
test, a p value <0.05 was considered statistically significant.

Results

Among 494 participants, 265 were men and 229 were
women. The initial average hearing threshold was 72 dB and
the final hearing level was 48 dB.

In univariate analysis, hearing recovery was significantly
related to factors such as age, vertigo, initial pure tone thresh-
old, initial speech discrimination score, duration from onset
to treatment, pattern of hearing loss, comorbidities of diabe-
tes and hyperlipidemia, treatment method, duration from on-
set to IT steroid injection, and interval of IT steroid injection
(Table 1-3).

Steroid alone was administered orally in 235 patients (47%),
IT dexamethasone was co-administered with oral steroid in
128 patients, and IT dexamethasone was given following
oral steroid administration in 103 patients. IT dexamethasone
was used alone in 28 patients because of medical conditions
such as concomitant diabetes. After treatment, hearing com-
pletely improved in 26% of patients, partially or slightly im-
proved in 40% of patients, and did not improve in 34% of
patients (Table 3). Oral steroid administration with or without
IT steroid injection completely or partially improved hearing
in 218 patients out of 466 (46.8%). IT steroid administration
alone demonstrated a similar efficiency to oral steroid ad-
ministration with or without IT steroid injection (42.8%).

By using the factors that were significant in univariate anal-
ysis, multivariate analysis showed that age, duration from
onset of symptoms to commencement of treatment, initial
speech discrimination, severity of the initial pure tone thresh-
old, and the treatment method were statistically related to the
patients’ prognoses (Table 4). Simultaneous and sequential
IT dexamethasone injection showed a worse prognosis for
hearing improvement (odds ratio=1.523, p=0.046; odds ra-
ti0=3.457, p<0.001, respectively) compared to treatment
with oral steroid alone in multivariate analysis (Table 4).

Analysis of the hearing results of patients who received IT
steroid injection revealed that the duration from onset to
treatment, severity of initial hearing loss, and IT steroid in-
jection following systemic steroid administration were statis-
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Table 1. Demographic and clinical factors related to recovery of hearing

Complete Partial Slight No OR
Variable recovery, recovery, improvement, improvement, (recovery — no p*
n (%) n (%) n (%) n (%) improvement)
Gender
Male 67 (25.3) 60 (22.7) 49 (75.4) 89 (33.6) 1
Female 62(27.1) 41(17.9) 46(20.1) 80 (34.9) 1.035 0.833
Age 0.001
Mean (years) 44.6 53.9 53.5 51.8 1.017
Associated symptom
Vertigo
No 113 (32.1) 79 (22.4) 45(12.8) 115 (32.7) 1
Yes 16 (11.3) 22 (15.5) 50 (35.2) 54(38.0) 2.086 <0.001
Tinnitus
No 32 (24.1) 35(26.3) 22(16.5) 44 (33.1) 1
Yes 97 (27.0) 66 (18.4) 73 (20.3) 123 (34.3) 1.052 0.779
Initial PTA threshold <0.001
Mild 31(46.3) 27 (40.3) 00 9 (13.4) 1
Moderate 62 (33.0) 36 (19.1) 5(2.7) 85 (45.2) 3.467
Severe 27 (25.5) 27 (25.5) 17 (16.0) 35(33.0) 3.191
Profound 8(6.1) 11(8.3) 73 (55.3) 40 (30.3) 6.018
Initial SD 0.990 <0.001
Mean (%) 57.4 55.8 59 40.5
Duration from onset to tfreatment <0.001
Mean (days) 4.74 6.82 3.75 10.5
Pattern of hearing loss 0.007
Upward sloping 50 (56.8) 16 (18.2) 10(11.4) 12(13.6) 1
Downward sloping 16 (12.0) 35(26.3) 16 (12.0) 66 (49.6) 7.590
Tent 12 (32.4) 15 (40.5) 1(2.7) 9 (24.3) 2.085
Flat 25 (26.3) 28 (29.5) 10 (10.5) 32(33.7) 3.451
Notching 21(51.2) 4(9.8) 3(7.3) 13(31.7) 8.890
No response 5(5.0) 3(3.0) 55 (55.0) 37 (37.0) 1.781

*assessed by using the logistic regression test (univariate analysis). PTA: pure tone audiometry, OR: odds ratio, SD: speech dis-

crimination

tically significant prognostic factors for recovery from hear-
ing loss (Table 5).

Discussion

The possible etiologies of ISSNHL are vascular compro-
mise and/or inflammation in the labyrinth or cochlear nerve
[7]. Vascular compromise results in increased reactive oxy-
gen species and possible damage to the hair cells [15]. Isch-
emia induces morphological changes in the outer and inner
hair cells and the organ of Corti, and the duration of isch-
emia correlates with the severity of the morphological chang-
es [16,17]. Recovery from hearing loss following ischemic
events may be expected unless tissue damage is irreversible.
The inflammatory process of the inner ear or cochlear nerve
may induce structural and metabolic changes. Irreversible

changes may occur when the sensory cells or axonal cells are
destroyed.

The degree of hearing loss is related to the amount of de-
ranged hair cells and damaged neural cells. Several reports
described a relationship between the number of remaining
hair cells and the residual hearing level in noise-induced hear-
ing loss or other sensorineural hearing loss [18,19]. Recovery
of damaged cells can be expected in the absence of further
pathologic processes and when sufficient amounts of cell pro-
tective agents such as D-JNKI-1 peptide, brain-derived neu-
rotrophic factor, and anti-oxidants are present [20].

The resistance of the inner ear sensory hair cells and co-
chlear nerve against the pathologic process described above
is reported to depend on aging [21]. This implies that the in-
ner ear hair cells have better resistance to oxidative stress in
younger animals. In the present study, recovery of hearing
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Table 2. Comorbidities and laboratory abnormalities related to recovery of hearing

Complete Partial Slight No OR
Variable recovery, recovery, improvement, improvement, (recovery — no p*
n (%) n (%) n (%) n (%) improvement)
Hypertension
No 97 (31.1) 55(17.6) 57(18.3) 103 (33.0) 1
Yes 31(18.2) 41 (24.1) 38(22.4) 60 (35.3) 1.361 0.070
Diabetes
No 116 (29.4) 77 (19.5) 72 (18.3) 129 (32.7) 1
Yes 12 (13.6) 19 (21.6) 23 (26.1) 34 (38.1) 1.636 0.018
Dyslipidemia
No 114 (27.7) 86 (20.9) 77 (18.7) 134 (32.6) 1
Yes 14 (20.0) 9(12.9) 18 (25.7) 29 (41.4) 1.604 0.044
Stroke
No 127 (26.9) 96 (20.3) 90 (19.1) 159 (33.7) 1
Yes 0(0) 00 4(57.1) 3(42.9) 2.662 0.128
MI
No 123 (26.9) 94 (20.6) 89 (19.5) 151 (33.0) 1
Yes 4(18.2) 2(9.1) 5(22.7) 11 (50.0) 2.053 0.079
Sleep disturbance
No 126 (26.8) 95(20.2) 90 (19.1) 159 (33.8) 1
Yes 1(12.5) 1(12.5) 3(37.5) 3(37.5) 1.664 0.408
Smoking
No 85 (27.5) 59 (19.1) 58(18.8) 107 (34.6) 1
Quit 8(21.6) 5(13.5) 15 (40.5) 9 (24.3) 1.075
Current 16 (28.6) 10(17.9) 8(14.3) 22 (39.3) 1.045
Alcohol consumption 0.651
No 73 (25.9) 52(18.4) 57 (20.2) 100 (35.5) 1
Social 34 (32.4) 19 (18.1) 19 (18.1) 33 (31.4) 0.780
Heavy 2(13.3) 3(20.0) 5(33.3) 5(33.3) 1.281
Platelet abnormality
No 116 (27.4) 84(19.9) 81 (19.1) 142 (33.6) 1
Yes 10 (16.9) 15(25.4) 12 (20.3) 22 (37.3) 2.023 0.157
Coagulation abnormality
No 97 (26.1) 72 (19.4) 70 (18.9) 132 (35.6) 1
Yes 22 (25.9) 21 (24.7) 18 (21.2) 24 (28.2) 0.834 0.525
BMI 0.888
Low weight 3(27.3) 3(27.3) 2(18.2) 3(27.3) 0.800
Normall 41 (27.5) 24(16.1) 35(23.5) 49 (32.9) 1
Obese 45(26.8) 33(19.6) 31(18.5) 59 (35.1) 1.015
Lipid profile
Hypercholesterolemia
No 84 (26.6) 69 (21.8) 51(16.1) 112 (35.4) 1
Yes 40 (24.5) 30 (18.4) 41(25.2) 52(31.9) 1.040 0.818
TG>130
No 31 (24.6) 35(27.8) 21 (16.7) 39 (31.0) 1
Yes 1(10.0) 5(50.0) 2 (20.0) 2 (20.0) 1.168 0.771
LDL>200
No 31 (26.3) 33(28.0) 20 (16.9) 34 (31.0) 1
Yes 00 2(25.0) 2(25.0) 4(50.0) 3.115 0.086
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Table 2. Comorbidities and laboratory abnormalities related to recovery of hearing (Continued)

Complete Partial Slight No OR
Variable recovery, recovery, improvement, improvement, (recovery — no p*
n (%) n (%) n (%) n (%) improvement)
HDL < 60
No 7 (20.6) 12 (35.3) 4(11.8) 11 (32.4) 1
Yes 25(25.3) 27 (27.3) 17.(17.2) 30(30.3) 1.287 0.732
TFT abnormalities
No 24 (35.8) 16 (23.9) 12(17.9) 15(22.4) 1
Yes 5(21.7) 5(21.7) 7 (30.4) 6(26.1) 1.686 0.223
Zinc abnormality
No 19 (35.8) 15(28.3) 8(15.1) 11 (20.8) 1
Yes 3(21.4) 4(28.6) 3(21.4) 4(28.6) 0.797 0.680

*assessed by using the logistic regression test (univariate analysis). BMI: body mass index, HDL: high-density lipoprotein, LDL: low-
density lipoprotein, MI: myocardial infarction, OR: odds ratio, TFT: thyroid function test, TG: triglyceride

Table 3. Treatment options in relation to recovery of hearing

Complete Partial Slightly No OR
Variable recovery, recovery, improvement, improvement, (recovery — no p*
n (%) n (%) n (%) n (%) improvement)

Treatment 129 (26.1) 101 (20.4) 95(19.2) 169 (34.2)

Oral steroid only 80 (34.0) 63(26.8) 37(15.7) 55(23.4) 1 <0.001

Concurrent 41 (32.0) 15(11.7) 21 (16.4) 51(39.8) 1.741 0.007

Sequential 6(5.8) 13(12.6) 32 (31.1) 52 (50.5) 4.202 <0.001

IT steroid only 2(7.1) 10 (35.7) 5017.9) 11(39.3) 2.441 0.011
Admission

No 73(28.7) 43(16.9) 52(20.5) 86 (33.9) 1

Yes 56 (23.3) 58(23.2) 43(17.9) 83 (34.6) 1.073 0.663
Duration from onset to IT steroid

Mean (days) 8.7 21.3 18.4 23.6 1.021 0.001
IT steroid interval

1 day (everyday) 39 (29.5) 18 (13.6) 24 (18.2) 51 (38.6) 1

>1 day 90 (24.9) 83 (22.9) 71(19.6) 118 (32.6) 2.001 0.003
Number of IT steroids

<3 14 (15.7) 18 (20.2) 20 (22.5) 37 (41.6) 1

>3 36(21.4) 18(10.7) 38(22.6) 76 (45.2) 0.865 0.756

Systemic steroid administration followed by IT steroid injection was defined as “sequential” freatment. #assessed by using the lo-
gistic regression test (univariate analysis). IT: infratympanic, OR: odds ratio

was lower in older patients with ISSNHL.

The following factors were found to be significantly related
to hearing recovery in ISSNHL in this study: old age, worse
initial hearing, worse initial speech discrimination score, lon-
ger duration from onset to treatment, descending type of ini-
tial audiogram, and the presence of diabetes or hyperlipid-
emia. Poor speech discrimination in elderly patients is related
to the loss of cochlear neurons and is a characteristic feature
of neural presbycusis [22]. Delayed maximal restoration of
speech discrimination scores in ISSNHL patients may result
from central modulation following altered activity of the au-
ditory pathway caused by ISSNHL [23]. In our study, worse
initial speech discrimination score was related to worse prog-

nosis in patients with ISSNHL, while other study reported
that patients with poorer initial speech discrimination scores
were more likely to improve [24]. Although it is not known
whether neural damage is worse than hair-cell damage in re-
lation to recovery, patients with neural loss may have a worse
prognosis.

IT steroid injection has attracted a lot of attention as a treat-
ment option for ISSNHL. IT dexamethasone injection is an
effective salvage treatment in patients with unsatisfactory re-
covery after initial systemic steroid treatment [25]. Simulta-
neous or sequential injections are reported to be more effec-
tive than systemic steroid alone [12,13,26]. However, we
found that IT dexamethasone injection was a poor prognostic
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Table 4. Multivariate analysis for factors affecting recovery from
sudden hearing loss (n=490)

95% Cl for OR

Variables OR ——— p*
Lower Upper
Age 1.018 1.007 1.029 0.001
Duration from onset fo treatment 1.079 1.052 1.107 <0.001
Initial speech discrimination 1.017 1.005 1.028 0.004
Initial PTA threshold
Mild 1 <0.001
Moderate 3.505 2.025 6.069 <0.001
Severe 3.37 1.850 6.139 <0.001
Profound 7.305 4.035 13.226 <0.001
Treatment
Oral steroid only 1 <0.001
Concurrent 1.523 1.022 2271 0.046
Sequential 3.457 2.178 5.488 <0.001
IT steroid only 1.560 0.714 3.408 0.232

Systemic steroid administration followed by IT steroid injection
is defined as “sequential” treatment. *#assessed by using the
logistic regression test. Cl: confidence interval, OR: odds ratio,
PTA: pure tone audiometry, IT: infratympanic

Table 5. Multivariate analysis for factors affecting recovery of sud-
den hearing loss in patients treated with IT steroid injection (n=
259)

95% Cl for OR

Variables
Lower Upper

Duration from onset to freatment 1.06  1.028 1.093 <0.001
Initial PTA threshold
Mild 1
Moderate 3.499 1.557 7.864 0.003
Severe 3.314 1411 7.785 0.007
Profound 4.741 2.045 10.99 <0.001
Treatment
Concurrent 1
Sequential 2.340 1.407 3.892 <0.001
IT steroid only 1.264 0.573 2.786 0.544

Systemic steroid administration followed by IT steroid injection
is defined as “sequential” treatment. #assessed by using the
logistic regression test. Cl: confidence interval, OR: odds ratio,
PTA: pure tone audiometry, IT: infratympanic

factor even after eliminating other confounding factors (Ta-
ble 3). Patients whose hearing did not improve following
systemic steroid administration usually sought secondary
treatment, and sequential IT steroid injection was an option
for those patients. Therefore, sequential IT steroid injection
was found to be a poor prognostic factor.

IT dexamethasone injection was the only treatment used in
28 patients, and hearing was completely or partially im-
proved in 42.8% of these patients. This result is similar to
that observed for systemic steroid with or without IT dexa-
methasone injection (46.8%). As already noted, IT dexameth-
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asone injection, as an initial treatment, is effective as systemic
steroid therapy in patients with ISSNHL [27].

Various frequencies and intervals of IT dexamethasone in-
jection are utilized for treatment. Chou, et al. [28] reported
that daily injection is better than twice per week. However,
in the present study, we found no statistically significant dif-
ference between injection intervals (once per week vs. more
than twice per week). This result is consistent with a previ-
ous study showing that the interval of IT steroid injection
does not correlate with hearing outcome [29]. The flow rate
of perilymph and endolymph is extremely slow in guinea
pigs [30,31], and the elimination half-time of dexamethasone
from the scala tympani is shorter than that from the scala
vestibuli in guinea pigs (22.5 min vs. 111 min) [32]. There-
fore, an administration frequency of twice or three times per
week would probably result in a sufficient intralabyrinthine
concentration of dexamethasone. However, the rate of inner
ear fluid flow and the elimination half-time of dexametha-
sone from the inner ear are unknown in humans. Therefore,
further studies are needed regarding the best frequency and
interval of IT injection.

In conclusion, age, severity of initial hearing loss, duration
from onset to treatment, initial speech discrimination score
and initial pure tone threshold are statistically significant
prognostic factors associated with hearing improvement in
ISSNHL. IT steroid injection as an initial single treatment is
comparable to systemic oral steroid administration in patients
with medical conditions. Further studies are needed to deter-
mine the best IT steroid injection protocol, including the fre-
quency and interval.
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