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Characterization of pediatric idiopathic sudden szensorineural hearing loss

1. Guler', D. Baklaci', I. Kuzucu', R.O.Kum', M. Ozcan'
'Department of Otolaryngology, Numune Training and Research Hospital, Ankara, Turkey

Key-words. Child; idiopathic sudden sensorineural hearing loss; prognosis; magnetic resonance imaging

Abstract. Objective: To evaluate the clinical and radiological characteristics, prognostic factors and treatment outcomes
in children diagnosed with idiopathic sudden sensorineural hearing loss (ISSNHL).

Materials and methods: The medical records of 48 children diagnosed with ISSNHL between January 2010 and June
2018 were reviewed for age, gender, audiometric and radiological evaluations, severity of hearing loss, accompanying
symptoms, and response to treatment. Audiograms were analyzed for baseline status and response to treatment. Patients
were divided into hearing recovery and no hearing recovery groups.

Results: Complete recovery (CR) was achieved in 33 of 48 (68.8%) patients; while, partial (PR), slight, and profound
recovery rates were 16.6% (8 patients), 10.4% (5 patients), and 4.2% (2 patients), respectively. The hearing recovery
(CR+PR) rate was 85.4%. The duration between the onset of symptoms and initial treatment was significantly shorter
in the recovery group than the no recovery group. The initial hearing level was significantly lower and hearing gain was
significantly higher in the recovery group vs. no recovery group. Associated vertigo as well as descending and profound
audiograms were negative prognostic factors of hearing recovery. There was no significant difference between groups in
the height and width of the internal auditory canal (IAC).

Conclusion: A low initial hearing level, ascending audiogram, and shorter duration between initial symptoms and the
onset of treatment were positively associated with hearing recovery; while, vertigo was a negative prognostic factor. The

dimensions of the IAC were within normal limits and similar between groups.

1. Introduction

Idiopathic sudden sensorineural hearing loss
(ISSNHL), which is also known as sudden
deafness, is the hearing loss of at least 30 decibels
(dB) in three sequential frequencies within 72 hours
or less.'” The prevalence of the disease ranges
between 5-27/100,000, and it is commonly seen in
patients aged 25 to 60 years old.® Nevertheless, the
true incidence of pediatric ISSNHL is unclear due
to the very limited number of studies concerning its
treatment and outcomes.** The lack of knowledge
about the underlying mechanism that leads to
ISSNHL causes difficulties in the treatment
process. Systemic steroids have been widely used
for many years for the treatment of ISSNHL with
a success rate of 35-89% in adults.®” The treatment
for pediatric ISSNHL, however, has not been
standardized due to the low incidence in children.
Although the prognosis of ISSNHL in children
is considered to be worse than in adults, the results
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are still controversial. The treatment results and
prognostic factors in pediatric ISSNHL have been
discussed in several studies. Byl* reported that the
prognosis of ISSNHL was worse in children under
15 years old than in adults, and found that initial
hearing loss, the presence of vertigo, and the time
from onset to initial audiogram were significant
prognostic factors for recovery. Similarly, Roman
et al.’ found a complete recovery (CR) rate of
28.5% in patients under 15 years old. Na et al.’
reported that the presence of tinnitus, lower
initial hearing levels, and earlier treatment from
the onset of symptoms were positive prognostic
factors. There is often a delay before initiating
treatment after the onset of pediatric SSNHL, and
this is another important prognostic factor.* Any
patient diagnosed with sudden hearing loss (SHL)
should be evaluated using pure tone audiometry
(PTA) and impedance studies to exclude any
middle ear pathology that leads to conductive
hearing loss. Patients complaining of unilateral
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and asymmetric hearing loss should be screened
with magnetic resonance imaging (MRI) to detect
retrocochlear and intracranial pathologies, such
as acoustic neuromas, meningiomas, hemorrhage,
or thrombosis.""" Several studies investigated the
radiological inner ear variations in children with
ISSNHL, and found that either stenotic or atretic
types of the internal auditory canal (IAC) were
associated with congenital inner ear anomalies,
vestibulocochlear nerve (VCN) malformations, and
sensorineural hearing loss.''* The present study
aimed to investigate the clinical, audiological, and
radiological characteristics of pediatric patients
with ISSNHL and discuss the results of steroid
treatment in this population.

2. Materials and methods

The medical data for pediatric patients diagnosed
with ISSNHL between January 2010 and June
2018 were reviewed in this retrospective study. The
inclusion criteria for patients were as follows: (1)
had sensorineural hearing loss of 30 dB or greater
covering at least three contiguous frequencies on
PTA, and this occurred within three days or less;
(2) aged between 8 and 18 years old; (3) underwent
early therapeutic management, beginning <2 weeks
after the onset of hearing loss, and (4) had a follow-
up duration longer than 4 weeks. The patients were
divided into two groups: hearing recovery and no
hearing recovery. The review of the medical records
of patients included age, gender, audiometric
(initial and final PTA) and radiological evaluations
(MRI), the severity of hearing loss, accompanying
symptoms, and response to treatment. At the initial
consultation, a microscopic ear examination and
tympanometric evaluation were performed on
all patients to rule out any external or middle ear
pathology. Laboratory examinations included:
complete blood count (CBC); blood urea nitrogen
(BUN); creatinine; urine analysis; serologic testing
for viral markers of herpes simplex, varicella zoster,
and cytomegalovirus; antinuclear antibody (ANA);
rheumatoid factor (RF); erythrocyte sedimentation
rate (ESR); thyroid stimulating hormone (TSH);
free thyroxine (FT4); and rapid plasma reagin
(RPR). A temporal MRI was performed to exclude
a retrocochlear pathology in all patients.

The anteroposterior (AP) and craniocaudal
(CC) diameters of the IAC for both affected and
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normal ears were measured on axial and coronal
T2-weighted (T2W) images. The patients who had
a history of preexisting hearing loss or otologic
surgery, a history of Meniere disease, autoimmune
inner ear disease, radiation-induced hearing loss,
acute or chronic otitis media disease, a retrocochlear
pathology confirmed by MRI, or a genetic or
hereditary hearing loss were excluded from the
study. The study protocol was approved by the
local ethical committee of our center (decree no:
E-18-1847). Informed consent was obtained from
all participating subjects. The study was conducted
in accordance with the principles of the Declaration
of Helsinki.

2.1. Audiometric evaluation

The PTA was performed at the initial presentation
and 4 to 6 weeks after treatment. The initial hearing
thresholds were evaluated for the air and bone
conduction at 0.125, 0.25, 0.5, 1, 2, 3, 4, and 8
kHz frequencies using an Interacoustic AC-40
(Middelfart, Denmark) clinical audiometer before
treatment. Pure-tone averages were calculated at
0.5, 1, 2, and 3 kHz frequencies for air conduction.
The severity of hearing loss was graded as mild (26-
40 dB HL), moderate (41-55 dB HL), moderate-
severe (56-70 dB HL), severe (71-90 dB HL), and
profound (>90 dB HL). Four types of audiogram
shapes were defined in relation to the pattern
of hearing loss: ascending, flat, profound, and
descending. “Ascending” referred to the cases in
which the average threshold at 0.25 to 0.5 kHz was
20 dB higher than the median threshold at 4 to 8
kHz. When the difference in hearing thresholds did
not exceed 20 dB at any frequency, the audiogram
shape was classified as “flat.” For patients with a flat
audiogram and hearing threshold over 90 dB, the
audiogram shape was classified as “profound.” The
audiogram shape was described as “descending”
when the average threshold at 4 to 8 kHz was 20
dB higher than the average threshold at 0.25 to 0.5
kHz. Final hearing thresholds were evaluated with
PTA 4 to 6 weeks after the end of the treatment.
The difference between the initial and final hearing
thresholds was calculated, and Siegel’s criteria®
were used to evaluate recovery outcomes of the
patients (Table 1). Hearing recovery was defined
as CR plus partial recovery (PR), whereas slight
recovery and no improvement were defined as no
hearing recovery.
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Table 1
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Siegel’s hearing recovery criteria

Type of recovery Hearing level

Complete recovery
Partial recovery
Slight recovery
No improvement

Final hearing level better than 25 dB

Final hearing level between 25-40 dB, hearing gain of more than 15 dB
Final hearing level over 45 dB, hearing gain of more than 15 dB

Final hearing level over 75 dB, hearing gain of less than 15 dB

2.2. Treatment protocols

All the patients were admitted and treated with
intravenous methylprednisolone starting with a
dose of 1 mg/kg for seven days and tapered for
another seven days. Intratympanic steroid injection
therapy was not considered in the current study.

2.3. Radiological evaluation

All MRI examinations were performed using a
dedicated pediatric protocol using a 1.5 T scanner
(Excite, General Electric, Milwaukee, WI) and
8-channel head coil. The imaging parameters
for T2W-TSE axial slices were 4240 ms/98.1 ms
(Repetition time [TR] / Echo time [TE]), 150°
flip angle, 352x224 matrix, 24x18 cm field of

Figure 1

The axial T2-weighted magnetic resonance imaging slice
showing the mesurement of the width of the IAC.

Figure 2

The measurement of the height of the ICA on coronal T2-
weighted magnetic resonance imaging.
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view (FOV), 5 mm slice thickness, and 1.5 mm
interslice gap. All MRI results were reviewed by an
experienced neuro-otologist at the study institution.
The anteroposterior (width) and craniocaudal
(height) diameters of the IAC were obtained in
the middle of the IAC on axial and coronal T2W
images, as previously described*" (Fig. 1, 2).

2.4. Statistical analysis

Statistical analyses were performed using SPSS 20
(SPSS Inc., IBM Company, Chicago). Data were
expressed as the mean £S.D. and percentage (%).
The Chi-square test was used for the comparison
of groups and recovery rates. The normality of
data was examined with the Kolmogorov-Smirnov
test. The Wilcoxon and Mann-Whitney U tests
were used for non-parametric variables while
independent and paired sample t-tests were used
for parametric variables. P < 0.05 was considered
statistically significant.

3. Results
3.1. Patient characteristics

A total of forty-eight patients that met the above-
mentioned criteria were included in this study. The
patients’ ages ranged from 8 to 18 years old (mean
16.2 + 2.1 years), and there were 18 males and 30
females. All patients had unilateral hearing loss, and
the right to left ratio was 9:7. The mean duration
between the onset of the disease and initiation of
treatment was 4.2 £+ 2.1 days. The mean PTA at the
initial presentation was 54.1 + 19.2 dB HL. Only
tinnitus was the most common accompanying
symptom in 16 patients (33.3%), followed by
tinnitus plus aural fullness in 12 patients (25%),
vertigo in 9 patients (18.8%), and only aural fullness
in 5 patients (10.4%). Six patients (12.5%) did
not have any accompanying symptoms. Nineteen
(39.6%) patients had mild hearing loss, twelve
(25.0%) had moderate hearing loss, seven (14.6%)
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Table 2
Clinical characteristic of the entire group of patients

n=48
Age, years 16.242.1
Gender, male:female 18:30
Side of hearing loss, right:left 27:21

Accompanying symptoms

e Only tinnitus 16 (33.3%)
e Tinnitus and aural fullness 12 (25%)
e Vertigo 9 (18.8%)
o Aural fullness 5 (10.4%)
e No symptom (12.5%)
Initial hearing level, dB HL 4.1£19.2

Mild (25-40 dB HL) 19 (39.6%)

e Moderate (41-55 dB HL) 12 (25.0%)
e Moderate-to-severe (56-70 dB HL) 7 (14.6%)
e Severe (71-90 dB HL) 5 (10.4%)
e Profound (> 90 dB HL) 5 (10.4%)

had moderate-severe hearing loss, five (10.4%) had
severe hearing loss, and five (10.4%) had profound
hearing loss (Table 2).

3.2. Clinical outcomes

The hearing recovery (CR+PR according to Siegel’s
criteria) rate was 85.4% for the entire group. A CR
was achieved in 33 of 48 (68.8%) patients. The
partial, slight, and profound recovery rates were
16.6% (8 patients), 10.4% (5 patients), and 4.2% (2
patients), respectively.

3.3. Prognostic factors

Patients were divided into two groups, recovery and
no recovery, based on the final hearing outcomes
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after treatment (Table 3). There was no significant
difference between groups in terms of age, gender,
and side of hearing loss (p=0.417,p=0.248, p=0.544,
respectively). In the no recovery group, vertigo
more frequently occurred at the initial presentation
(p=0.016); however, the incidences of only tinnitus,
tinnitus plus aural fullness, and only aural fullness
were not significantly different between groups
(p=0.336, p=0.863, p=0.212, respectively). In the
recovery group, there were more patients with an
ascending audiogram than in the no recovery group
(p=0.021); whereas, the incidences of descending
and profound audiograms were significantly higher
in the no recovery group (p=0.014, p=0.017,
respectively). There was no significant difference
between groups for the flat audiograms (p=0.451).
The duration between the onset of symptoms and
initial treatment was significantly shorter in the
recovery group compared with the no recovery
group (p=0.002). In addition, the initial hearing level
was significantly lower in the recovery group than
in the no recovery group (p<0.001), and the hearing
gain was significantly higher in the recovery group
than the no recovery group (p<0.001) (Table 3).

3.4 Radiological measurements

The mean IAC width and height were 5.54+0.29
mm and 5.30+0.32 mm, respectively, in all
patients. The mean IAC width was 5.50+0.04
mm in the recovery group and 5.594+0.30 mm in
the no recovery group and this difference was not
significant (p=0.292). The mean [AC height was

Table 3
Comparison of prognostic factors between groups

Recovery (n=41) No recovery (n=7) p
Age (years) 142+3.6 13.1+44 0.417
Gender (male:female) 15:26 34 0.248
Side of hearing loss (right:left) 23:18 4:3 0.581
Accompanying symptoms

e Tinnitus 14 (34.4%) 2 (28.1%) 0.336

e Tinnitus plus aural fullness 10 (24.4%) 2 (28.1%) 0.812

o Aural fullness 4 (9.7%) 1 (14.2%) 0.212

e Vertigo 7 (17.1%) 2 (28.1%) 0.021
Initial hearing loss (dB HL) 473 +16.2 80.8+12.3 <0.001
Audiogram

e Ascending 26 (63.1%) 1 (14.2%) 0.021

e Descending 8 (19.5%) 3 (42.8%) 0.014

e Flat 4 (9.7%) 1 (14.2%) 0.451

e Profound 3(7.3%) 2 (28.1%) 0.017
Onset of treatment (day) 22+1.1 73+2.7 <0.001
Hearing gain (dB HL) 31.9+10.9 209+7.5 <0.001

dB: decibel, HL: hearing level, p<0.05
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Table 4
Comparison of the width and height of the
IAC between groups
Recovery No recovery p
Width of IAC, mm | 5.50 +£0.04 5.59+0.30 | 0.292
Length of IAC, mm | 5.31£0.05 5.28+0.05 0.670

[AC: internal auditory canal

5.31£0.05 mm in the recovery group and 5.28+0.05
mm in the no recovery group and this difference
was also not significant (p=0.670) (Table 4.).

4. Discussion

The incidence of pediatric ISSNHL, which has been
investigated in only a few studies, remains unclear
with no published guidelines for standardized
treatment. In the study by Chen et al., the incidence
of pediatric ISSNHL was 10-20 fold less than that
of adult ISSNHL;'*'* while, others reported that
6.6% of ISSNHL patients were under 18, 3.5%
were under 14, and 1.2% were under 9 years old.>"”
The prevalence of ISSNHL among children was
reported as 1.7/1000, and 14% of those cases were
observed in primary school children.® However,
some authors believe that the true incidence is not
clear as the expression of hearing loss is difficult for
young children and their families, who are unable
to notice unilateral mild hearing loss.>"

The recovery rates in children with ISSNHL are
unclear; although, they are relatively worse than in
adults and are associated with age. Since younger
children have difficulties expressing hearing
loss, the initial treatment after the onset is often
delayed and this is a negative prognostic factor
for the improvement of hearing. Misdiagnosed
children with ISSNHL, who have other diseases
and undetected congenital hearing loss, might
be another reason for the lower recovery rate in
children. Even though we excluded patients who
had a vague onset of hearing loss or newly detected
inner ear disease, congenital hearing loss cannot
be ruled out completely due to the inability of
younger children to express a hearing loss. It is not
unusual that unilateral hearing loss goes undetected
until screening in schools; thus, there is a lack of
recognition of congenital hearing loss in children.”
Inci et al.” reported that the recovery rate was 69%
in children who had been treated within 10 days of
the appearance of ISSNHL. Pitaro et al.? observed
hearing improvement in 63% of their patients under
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the age of 18 years who were treated for ISSNHL.
Kim et al.®reported a recovery rate of 55.2% in 67
patients under 19 years old and they found that the
hearing results were worse in children under 13
years old. Roman et al.and Chung et al.' found that
early treatment following hearing loss increased the
chances of hearing recovery in pediatric ISSNHL
patients. In the present study, we observed CR in
85.4% of the patients, achieving a better success
rate than previous studies. As older children can
more easily recognize and express hearing loss
than younger ones, the duration between the onset
of symptoms and initial treatment was significantly
shorter in the hearing recovery group than the no
recovery group, signifying the importance of early
diagnosis in pediatric ISSNHL.

The most common symptoms accompanying
ISSNHL are tinnitus, vertigo, aural fullness, otalgia,
and headache. The presence of tinnitus correlated
with better results and was proposed to be a
positive prognostic factor for hearing improvement
in pediatric ISSNHL."* In our study, only tinnitus
was the most common accompanying symptom
for the entire group, and the presence of tinnitus
did not significantly differ between groups. The
association of vertigo and ISSNHL was evaluated
by Nakashima and Yanagita* in their series of 1,313
patients. They reported that the incidence of vertigo
was higher in the pediatric population (50%), and
the presence of vertigo was a negative prognostic
factor in ISSNHL. The presence of vertigo indicates
labyrinthine extension, the degree of which might
be correlated with the severity of cochlear damage
and the probability of poor hearing recovery. In
our study, vertigo was more common in the no
recovery group and the difference was statistically
significant.

Low initial hearing levels are considered positive
prognostic factors for recovery in ISSNHL. Chung
et al.'reported a CR rate of 100% in children with
a mean initial hearing level of 46.2 dB. Kim et al.
reported, in their study of 67 children diagnosed
with ISSNHL, that a low initial hearing level had
a positive correlation with recovery. Our results
showed that better initial hearing results were
significantly correlated with better outcomes, and
this was consistent with the previous studies. A
descending audiometric curve was reported to be a
negative prognostic factor for hearing recovery.® Our
results supported the previous studies as ascending
audiogram rates were significantly higher in the
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recovery group, while descending audiogram rates
were higher in the no recovery group.

The current guidelines recommend using MRI in
any patients diagnosed with ISSNHL as the overall
rate of MRI abnormalities related to ISSNHL
range from 7% to 13.5%.* An MRI scan can
detect unexpected anatomical abnormalities, such
as an enlarged vestibular aqueduct, hypoplastic or
aplastic cochlear nerve, and cochlear or labyrinthine
fibrosis. In radiological studies, the narrowing of the
IAC was associated with congenital sensorineural
hearing loss. The lack of development of the VCN
may lead to stenosis of the IAC or the stenotic
IAC may squeeze the VCN resulting in nerve
dysfunction. Sadik et al."” reported that MRI in
parasagittal planes was the best way to diagnose
soft tissue abnormalities in the TAC. In their study,
the normal AP and CC dimensions of the [AC
were between 3 mm and 8 mm and the stenotic
(<3 mm) and atretic IACs were associated with
VCN abnormalities and sensorineural hearing loss
in children under age 10. In the present study, the
mean width (5.5440.29 mm) and height (5.30+0.32
mm) of the IAC were within normal limits. The
comparison of the IAC dimensions between groups
did not show any significant difference. To the
best of our knowledge, this is the first study to
investigate the dimensions of the IAC with MRI in
children with ISSNHL.

The retrospective design of the study and
the small number of participants were the main
limitations of our study. Also, the total received
doses and length of treatment were not recorded
in the patients’ charts. Further prospective studies
with larger populations and consistent treatment
protocols would strengthen the evidence for steroid
treatment in the pediatric ISSNHL population.

5. Conclusion

Steroid treatment is an effective option in pediatric
ISSNHL. A low initial hearing level, ascending
audiogram, and a shorter duration between initial
symptoms and onset of treatment were significant
prognostic factors that were positively associated
with hearing recovery. The presence of vertigo was
a negative prognostic factor for hearing recovery.
While the dimensions of the IAC were similar
between groups and within normal limits in our
study, MRI might detect inner ear or congenital
VCN malformations in pediatric ISSNHL patients.
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