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Abstract

Purpose: We evaluated the clinical significance of magnetic resonance imaging (MRI)
findings and their prognostic value for initial hearing loss and recovery in patients
with sudden sensorineural hearing loss (SSNHL).

Materials and Methods: This retrospective study included consecutive adult patients
with unilateral SSNHL, contrast-enhanced MRI and audiometric testing evaluated in
our institution between 2005 and 2017. MRI reports, patient data, treatment, and
audiometric tests were reviewed, with the relationship between MRI findings and
hearing loss/recovery analyzed.

Results: Overall, 266 patients were included. Additional symptoms comprised tinni-
tus (114/266; 43%), vertigo (45/266; 17%), ear pain (26/266; 10%), and ear pressure
(6/266; 2%). At least one cardiovascular risk factor (hypertension, diabetes, hyper-
cholesterolemia, cardiopathy, and active smoking) existed in 167/266 (63%) patients.
Corticosteroid treatment was followed by 198/266 (74%) patients while contraindi-
cations/refusal/compliance precluded treatment in 68/266(26%). Complete, partial
or slight hearing recovery occurred in 167/266 (63%) patients. Three MRI patient
groups were identified: a group with normal MRI examinations or incidentalomas
(128/266; 48%), a group with peripheral auditory system (PAS) lesions (95/266;
36%), and a group with central nervous system (CNS) lesions (43/266; 16%). PAS
lesions included lesions from the cochlea to the brain stem (e.g., schwannoma, menin-
gioma, labyrinthitis, intracochlear hemorrhage, vestibulocochlear neuritis), whereas
CNS lesions corresponded in 42/43(98%) of cases to leukoaraiosis and other vascular
lesions (e.g., stroke, hemorrhage, aneurysm, venous sinus thrombosis, and caver-
noma). Belonging to one of the three MRI groups did not influence the degree of ini-
tial hearing loss, affected frequencies or treatment, p >.05. Gender and
cardiovascular risk factors did neither affect initial hearing loss nor recovery. How-

ever, age > 70 years negatively affected initial hearing loss in all frequencies, as well
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1 | INTRODUCTION

Sudden sensorineural hearing loss (SSNHL) is still a poorly understood
entity.? It is defined as hearing loss of >30 dB on three sequential fre-
quencies of a tonal audiogram within 3 days. The incidence varies
from 5 to 160 per 100,000 persons per year.>~” SSNHL occurs at any
age* and all hearing frequencies can be affected, with tinnitus addi-
tionally seen in 80% of patients, and vertigo in 30%.° Hearing loss
severity varies, and its social impact ranges from moderate to severe
disability.)” Rapid diagnosis is essential for implementing effective
treatment to maximize the chances of hearing recovery.

SSNHL is classified as idiopathic in most cases,® etiologic factors
being identified in 7%-45% of cases.” In a meta-analysis including 23
articles, the main SSNHL causes were infectious (13%), otological
(5%), traumatic (4%), vascular (3%), neoplastic (2%), and autoimmune
(2%).1° Magnetic resonance imaging (MRI) identifies hearing loss etiol-
ogy in 4%-7% of patients.** According to the American Academy of
Otorhinolaryngology-Head and Neck Surgery Foundation (AAO-
HNSF) guidelines, MRI of the brain and temporal bone with intrave-
nous gadolinium-based contrast media is recommended in the initial
SSNHL assessment.

Although multiple authors have analyzed the incidence, anatomi-
cal location, and etiology of MRI abnormalities in patients with
SSNHL, only a handful of studies based on a small number of patients
has evaluated the prognostic value of certain MRI abnormalities, for
example, inner ear lesions or white matter hyperintensity on hearing
recovery.}?15 Other authors have focused only on the prognostic
value of clinical symptoms and laboratory findings on hearing recov-
ery without taking MR findings into consideration.*®~*? The results of
these different studies are somewhat contradictory and the relation-
ship between clinical findings and MRI lesions is not completely
understood neither regarding initial hearing loss nor hearing recovery.
The objectives of the current study were to assess the incidence of
MRI-detected lesions in a consecutive series of patients with unilat-

eral SSNHL seen over a 12-year period, to evaluate the relationship

as recovery in all frequencies except 1000 Hz. Also, poor recovery of initial high-fre-
quency hearing loss (>1000 Hz) was significantly associated with CNS lesions.
Conclusion: Age > 70 years and CNS lesions depicted by MRI independently pre-
dicted poor auditory recovery, albeit in different frequencies.

Lay Summary: In patients with sudden hearing loss, older age (above 70 years) pre-
dicts poorer hearing recovery than in younger patients in most hearing frequencies.
In addition, abnormalities of brain tissue revealed by MRI predict poorer hearing
recovery at high frequencies.

Level of Evidence: Level lll.

hearing loss, hearing recovery, magnetic resonance imaging (MRI), prognosis, sudden
sensorineural hearing loss (SSNHL)

between clinical and MRI findings with respect to initial hearing loss,
and to assess the prognostic value of clinical and MRI findings for

hearing recovery.

2 | MATERIALS AND METHODS

21 | Patients

This retrospective monocentric study was approved by the institu-
tional ethics committee and was performed according to the guide-
lines of the Helsinki Il Declaration. To avoid selection bias, a search
conducted using the RIS-PACS system of the radiology department in
our institution retrieved 298 consecutive patients with SSNHL who
underwent MRI and audiometric assessment between 2005 and
2017. Overall, 32 patients were excluded from the study because of
bilateral SSNHL (n = 3), acute middle ear infection (n = 27), and previ-
ous SSNHL (n = 2). Therefore, 266 patients were included in the anal-
ysis. Age, gender, and SSNHL onset date were collected, as were
affected side, synchronous dizziness, tinnitus, ear pressure, or pain,
otological findings, cardiovascular risk factors, prior or subsequent

stroke, and treatment type.

2.2 | Audiometric assessment and MRI imaging

Audiometric evaluation was performed upon diagnosis at the first visit
(VO) in the Otorhinolaryngology Head and Neck Surgery Clinic and at
subsequent follow-up or at the end of treatment (V1). Hearing mea-
surements were conducted using tonal audiograms at 0.15, 0.25, 0.5,
1, 2, 4, 6, and 8 kHz. The mean hearing threshold was measured at VO
and V1, the difference being expressed in decibels (AdB). Hearing
recovery was deemed present if AdB of mean hearing thresholds
were 215 or if final mean hearing threshold was <25 dB.2° Initial and

final hearing loss severity was classified as mild (26-40 dB HL),
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moderate (41-55 dB HL), moderately severe (56-70 dB HL), severe
(71-90 dB HL), and profound (>90 dB) using Siegel's criteria.?!

All MRI examinations comprised brain and dedicated temporal
bone imaging at 1.5 or 3 T, with MRI scans interpreted by experi-
enced radiologists. Brain sequences included T2, FLAIR, diffusion
weighted imaging, T1 + iv. contrast material, 3DTOF angiography,
and post-contrast 3DT1. High-resolution 3DT2 and 3D contrast-
enhanced T1 (voxel = 0.5-0.8 mm) were used for temporal bone
imaging. In addition, in five patients, delayed post-contrast FLAIR
imaging was available. MRI examinations were retrospectively cate-
gorized as normal (no abnormalities), displaying peripheral auditory
system (PAS) lesions, central nervous system (CNS) lesions, or inci-
dentalomas not-SSNHL-related. PAS lesions included abnormalities
from the cochlea to the brainstem, CNS involvement included
lesions between the brainstem and cortex, while MRI incidentalo-
mas consisted of fortuitously-discovered abnormalities, unrelated
to clinical symptoms, which were then assigned to the normal MRI
group for analysis. For classification and statistical analysis, PAS
and CNS lesions primed over incidentalomas; therefore, patients
with PAS or CNS abnormalities and simultaneous incidentalomas
were categorized as belonging to the PAS and CNS group,

respectively.

2.3 | Statistical analysis

The statistical program R was employed for analysis. Non-parametric
tests (Kruskal-Wallis and Mann-Whitney Wilcoxon) were used to com-
pare hearing loss distribution in the three MRI groups (normal and inci-
dentalomas, PAS lesions, and CNS lesions). In addition, a linear mixed
effect model with random effect for the subject estimated on the
square root of the average hearing threshold was used, MRI being the
principal covariate, with data dichotomized into the categories “MRI
with CNS lesions” and “all other” (i.e., normal MRI, MRI with incidenta-
lomas, and MRI with PAS lesions). The model was adjusted for age, gen-
der, and cardiovascular risk factors at baseline visit (VO). The variable
visit (V1 = first follow-up visit) was used to capture the progression of
hearing recovery between the two visits, with estimations for all fre-
guencies together, 1000 Hz, <1000 Hz, and >1000 Hz. The interaction
between MRI and visit introduced the possibility to have a different
progression for the two MRI categories, while the interaction between
age and visit introduced the possibility to have a different progression
according to the age of the patient.

3 | RESULTS

3.1 | Overallclinical data at the first visit (VO)

Of the 266 patients, 137/266 (51.5%) were men and 129/266 (48.5%)
were women. Mean age was 52 years. The left ear was affected in 146/
266 (55%), and the right in 120/266 (45%). Overall, 75/266 (28%)
patients complained of isolated hearing loss, and 191/266 (72%) of

synchronous symptoms, that is, tinnitus 114/266 (43%), vertigo 45/266
(17%), pain 26/266 (10%), and ear pressure 6/266 (2%).

Besides, 167/266 (63%) patients displayed at least one cardiovas-
cular risk factor: hypertension 52/167 (31%), hypercholesterolemia
23/167 (13.7%), diabetes 28/167 (16.7%), cardiopathy 17/167 (10%),
and active smoking 31/167 (18.7%). Overall, 23/266 (8.6%) patients
exhibited at least two cardiovascular risk factors, and 10/266 (3.8%)
at least three. Stroke occurred in 16/167 (9.6%) patients within
6 months of SSNHL.

3.2 | Initial treatment

Among all patients, 198/266 (74.4%) were treated, while 68/266
(25.6%) were not because of lacking compliance, comorbidities contrain-
dicating systemic corticosteroids, or refusal of intra-tympanic corticoste-
roid administration. Concerning treatment, which was started at VO,
192/266 (72.2%) patients received oral corticosteroids (prednisone,
1 mg/kg during 7.5 days), 2/266 (0.7%) intravenous cortisone (methyl-
prednisolone, 250 mg 1x/day for 2 days), and 4/266 (1.5%) intra-tym-
panic corticosteroid injections (triamcinolone suspension, 10 mg/ml, one

injection). Mean treatment duration was 7.5 + 3.2 days.

3.3 | MRIresults

MRI examinations were normal in 88/266 (33%). PAS lesions were
detected in 95/266 (35.7%) patients, CNS lesions in 43/266 (16.2%),
and incidentalomas unrelated to SSNHL in 40/266 (15%).

3.3.1 | Peripheral auditory system (PAS) lesions

Concerning PAS lesions, 67/95 (69.8%) were on the same side as
SSNHL, in 13/95 (13.5%) contralateral, and in 16/95 (16.7%) bilateral
despite unilateral symptoms. Overall, 33/95 (35%) patients exhibited
inflammatory lesions with contrast enhancement on MRI (labyrinthitis
in 25 cases and cochleovestibular neuritis in 8 cases, all of which disap-
peared on follow-up MRI scans), 21/95 (22%) neurovascular conflicts,
20/95 (21%) mass-like lesions, 15/95 (16%) superior semicircular canal
dehiscence, 3/95 (3%) endolymphatic hydrops, 2/95 (2%) intra-cochlear
hemorrhage, and 1/95 (1%) cochlear nerve hypoplasia. Among mass-
like lesions, we identified 13/95 (13.6%) schwannomas, 2/95 (2%)
meningiomas, and 5/95 (5.2%) arachnoid or dermoid cysts with severe
cochleovestibular nerve displacement. Concerning localization, 7/13
schwannomas were located in the internal auditory canal, and 6/13

schwannomas in the labyrinth.

3.3.2 | CNSlesions

CNS lesions found in 43/266 (16.2%) patients included vascular
lesions in 14/43 (32.5%) patients (stroke, hemorrhage, aneurysm,
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and dural venous sinus thrombosis), leukoaraiosis in 23/43 (53.5%),
and 6/43 (14%) congenital malformations (cavernoma/cavernoma-
tosis, n = 2; Arnold Chiari, n = 1; developmental venous anoma-

lies,n = 3).

3.3.3 | Incidentalomas

Incidentalomas were found in 40/266 (15%) patients. They were
located in the paranasal sinuses (n = 12/40, 30%), nasopharynx
(n = 9/40, 22.5%), temporomandibular joints (n = 7/40, 17.5%), sali-
vary glands (n = 6/40, 15%), pituitary gland (n = 3/40, 7.5%), and
other locations (n = 3/40, 7.5%). Paranasal sinus abnormalities
included 1/12 polyp, 1/12 submucosal cyst, and 10/12 sinusitis. In
the nasopharynx, 2/9 patients had Thorwald's cysts, and 7/9 lym-
phoid hyperplasia. The temporomandibular joint exhibited joint effu-
sion in 5/7 patients and severe osteoarthritis in 2/7. Sialadenitis was
identified in 2/6 patients and parotid tumors in 4/6. Three pituitary
microadenomas were found, with neck lipoma and dysthyroid orbito-
pathy being further detected anomalies. Incidentalomas exerted a clin-
ical impact in 10/40 patients, with 6/40 (15%) undergoing surgery
and 4/40 necessitating follow-up. Further radiological examinations

occurred in 6/40 patients.

TABLE 1

Normal MRI and MRI with

Clinical variables incidentalomas (n = 128)

Age, mean (+SD) 50.7 (+14.5) 51.1 (x17.5)
Women, n (%) 57 (44.5) 51(53.7)
Tinnitus, n (%) 57 (44.5) 39 (41.1)
Vertigo, n (%) 16 (12.5) 18(18.9)
Pain, n (%) 11 (8.6) 9(9.5)
Ear pressure, n (%) 4(3.1) 2(2.1)
Infection, n (%) 13 (10.2) 12 (12.6)
Hypertension, n (%) 24 (18.8) 20 (21.1)
Hypercholesterinemia, n (%) 7 (5.5) 11 (11.6)
Diabetes, n (%) 9(7) 12 (12.6)
Cardiopathy, n (%) 7 (5.5) 4(4.2)
Tobacco, n (%) 22(17.2) 8(8.4)
Stroke, n (%)¢ 8(6.2) 3(3.2)
Treatment, n (%)’ 95(74.2) 74.(77.8)

MRI with PAS
lesions (n = 95)

3.4 | Correlation of MRI abnormalities with
hearing loss

The association between MRI abnormalities and their likelihood of
causing SSNHL was assessed according to their location and relation-
ship to the cochleovestibular nerve and the central auditory system
pathways. Peripheral or central auditory system abnormalities on MRI
were classified as of certain etiology in 26/266 (9.8%) patients. In 47/
266 (17.7%) patients, ipsilateral abnormalities were classified as hav-
ing a possible association with SSNHL whereas in 45/266 (16.9%)
patients, etiologies were classified as having a weak association with
SSNHL. Lesions with weak associations included CNS abnormalities
affecting the central auditory integration pathways and superior semi-
circular canal dehiscence.

3.5 | Clinical features and treatment in the three
MRI groups

Among the three MRI groups (normal and incidentalomas,
PAS lesions and CNS lesions), no difference was detected for age,
gender, clinical symptoms, cardiovascular risk factors, percentage

of treated versus non-treated patients and type of treatment (Table 1).

Clinical variables and comparison between the three MRI groups with SSNHL (n = 266 patients)

p-value for comparing

MRI with CNS p-value (comparison  “MRI with CNS lesions”
lesions (n = 43) of all three groups) versus “all other”
54.3 (+16.7) 4352 .200°
21 (48.8) 400° 1.000°
18 (41.9) 865° 1.000°
11 (25.6) 113° 152¢
6(14) .573¢ 3974
0(0) .755¢ .309¢
7(16.7) 4924 2974
8(18.6) .899° 1.000°
5(11.6) .185¢ 5514
7(16.3) 1484 .181¢
6(14) .105¢ .039¢
7(16.3) .143¢ .6334
5(11.6) .156¢ .150¢
29 (67.49 426° 251°

Note: Analysis of clinical variables based on MRI results. The p-value is calculated by comparing the three patient groups first and then by comparing the
category “MRI with CNS lesions” with the category “all others” (i.e., the group with normal MRI and incidental MRI findings and the group with PAS

lesions).

Abbreviations: CNS, central nervous system; MRI, magnetic resonance imaging; n, number; PAS, peripheral auditory system; SD, standard deviation.

ANOVA test.

bTwo sample t-test.
“Chi-squared test.
9Fischer's exact test.

€Stroke in the normal MRI group and in the MRI group with PAS lesions occurred within 6 months after MRI.
Treatment consisted of oral corticoids in 192/266 (72.2%), iv. corticoids in 2/266 (0.7%) and topic corticoids in 4/266 (1.5%) with a similar distribution

among all MRI groups.



TODIC ET AL. 1579
(A) All frequencies (B 1000 Hz
o p= 613 o p=.717
=5 8 =4 & ¢
T - - = . o -
@ 84 | ! o 8 o !
°T < ! ' T v ° !
£ | 5 £ - T e
- 87 : 1 5 37 5 3 :
S i : S : ) B
- 87 : < 84 ! !
w @ : :
o o i i
B N . .
=T [T}
£ R’ ! : £ 8-
& i ! ©
[ = ] [ i
T o T o —_ —_ -
Vo Vo Vi
T T T T T T T T
Normal PAS Normal PAS  CNS Normal PAS CNS
() <1000 Hz (D) >1000 Hz
= =57 =282 - =
= 81 + | T S sef T T 7T R
A A A e T
- ; i 5 R : o 39 ; : ' : : ;
S g 3 : : P 2 i : ; i '
£ 8- : 3 : : : a8 ! :
g o £
£ €7 : : 5 g
= i i i . s ; i : i , E
2 4 4 == S z . S IR D
Vo Vi Vo V1
T T T T T T T T T T T T
Normal PAS  CNS Normal PAS CNS Normal PAS  CNS Normal PAS CNS
FIGURE 1 Boxplots of hearing thresholds (in dB HL) for the three MRI groups at VO and at V1. (A) Boxplots for all frequencies together. (B)

Laryngoscope

Boxplots for 1000 Hz. (C) Boxplots for frequencies <1000 Hz. (D) Boxplots for frequencies >1000 Hz. Horizontal lines indicate median values
(black lines), the bottom and the top of the box indicate the first and third quartile whereas whiskers indicate the minimum and maximum values.
Outliers are indicated by circles. In red, group of patients with normal MRI examinations and with incidentalomas not related to SSNHL (Normal).
In green, group of patients with MRI abnormalities of the peripheral auditory system (PAS). In blue, group of patients with CNS abnormalities at
MRI (CNS). Note that hearing loss is generally lower at the second visit (V1), illustrating hearing recovery. At each visit “p” is the p-value of a
Kruskal-Wallis test that compares hearing loss between the three MRI groups. p* is the p-value of the Mann-Whitney Wilcoxon test of the
comparison between hearing loss in the CNS group versus the other MRI groups together.

TABLE 2

root of the hearing threshold

SSNHL

Intercept

MRI with CNS lesions
Visit = V1

Age

(MRI with CNS lesions) *V1
Age*V1

Gender
Hypercholesterinemia
Diabetes

Cardiopathy

Smoking

Estimates (E) and p-values obtained with a linear mixed effect model with random effect for the subject estimated on the square

All frequencies 1000 Hz <1000 Hz >1000 Hz

E p-value E p-value E p-value E p-value
6.344 <.001 5.959 <.001 5.772 <.001 6.620 <.001
0.132 .688 —-0.075 .855 0.253 489 0.084 .809
-1.104 <.001 —1.289 <.001 —1.288 <.001 -0.973 <.001
0.036 <.001 0.037 <.001 0.026 .003 0.045 <.001
0.332 114 0.188 .549 0.163 .552 0.419 .046
0.013 .007 0.009 .240 0.013 .044 0.013 .007
-0.071 764 0.115 .690 0.182 478 —0.234 354
0.336 442 0.168 .753 0.114 .810 0.474 .309
0.388 .346 0.276 .583 0.345 439 0.468 .286
0.736 141 1.215 .047 0.882 .104 0.627 .240
-0.611 .075 -1.028 .015 —-0.854 022 -0.412 .260

Note: MRl is the principal covariate and is dichotomized into “MRI with CNS lesions” versus “all others.” The model is adjusted for age, sex and
cardiovascular risk factors at baseline visit (VO). The variable visit (V1) captures the progression of hearing recovery between the two visits. (MRI with CNS
lesions) *V1 = interaction between MRI category and visit. Age*V1 = interaction between age and visit. Statistically significant values are shown in bold

letters.

Abbreviations: CNS, central nervous system; MRI, magnetic resonance imaging.
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“MRI with CNS
with “all other” did not reveal statistically significant differences
(Table 1).

Likewise, comparing the category lesions”

3.6 | Initial and follow-up hearing results

The average hearing threshold was 45.03dB HL at VO and
34.52 dB HL at V1, respectively. The time interval between VO
and V1 was 15.3 days. Complete hearing recovery at V1
occurred in 109/266 (40.9%) patients, partial recovery in 33/266
(12.4%), slight recovery in 25/266 (9.4%), and no recovery in
99/266 (37.2%). Among the vestibular schwannoma patients,
8/13 (61.5%) presented complete/partial hearing recovery at
V1 and 10/13 schwannoma patients benefited from annual
MRI examinations with clinical and auditory controls, without
requiring surgery. One patient underwent radiosurgery 1-year
post-diagnosis, while another patient died from another condition
1-year post-diagnosis. Among the 133/266 (50%) patients evalu-
ated clinically at 3 months after VO, 70% reported improved
hearing.

All frequencies
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3.7 | Hearingrecovery based on MRI results

Among patients with normal MRI examinations or incidentalomas, 71/
128 (55.5%) presented complete/partial hearing recovery, and 57/
128 (44.5%) slight/no recovery. Among patients with PAS lesions, 52/
95 (54.8%) displayed complete/partial hearing recovery, and 43/95
(45.2%) slight/no recovery. Among patients with schwannomas, 8/13
(61.5%) exhibited complete/partial hearing recovery. Among patients
with CNS lesions, 19/43 (44.2%) experienced complete/partial recov-
ery, and 24/43 (55.8%) slight/no hearing recovery.

Belonging to one of the three MRI groups (Figure 1) neither
impacted initial hearing loss, p =.613, nor hearing frequencies
(<1000 Hz, p =.57; 1000 Hz, p =.957; >1000 Hz, p = .606). Also,
belonging to one of the three MRI groups did not influence overall hear-
ing recovery (p = .18) nor recovery at specific frequencies (<1000 Hz,
p =.282; 1000 Hz, p = .717; >1000 Hz, p = .124). When comparing the
category “MRI with CNS involvement” with the category “all other,”
overall hearing loss was similar (p >.05). Although overall audiometric
recovery was similar (p = .065), it varied according to frequencies, with
CNS lesion patients experiencing significantly poorer recovery in high
frequencies compared to all others (>1000 Hz, p = .046, Figure 1).

1000 Hz

40
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FIGURE 2 Average hearing threshold in dB HL estimated at VO and V1 for three age values (30, 50, and 70 years) and for the two categories
of the MRl variable (“MRI with CNS lesions” versus “all other”). (A) Estimated hearing loss and recovery for all frequencies together. (B) Estimated
hearing loss and recovery for 1000 Hz. (C) Estimated hearing loss and recovery for frequencies <1000 Hz. (D) Estimated hearing loss and
recovery for frequencies >1000 Hz. The average hearing thresholds were estimated by the models shown in Table 2.
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3.8 | Other factors influencing hearing recovery

A linear mixed effect model (as described in the statistical analysis)
was applied to compare “MRI with CNS abnormalities” with “all
other” (Table 2). Gender or cardiovascular risk factors did not impact
initial hearing loss nor recovery in any of the 4 models (all frequencies,
1000 Hz, <1000 Hz and >1000 Hz, p > .05, Table 2). However, higher
age was associated with a significantly increased initial hearing loss in
all models. Hearing recovery between VO and V1 was significantly
impacted by age in three models (all frequencies together, >1000 Hz
and <1000 Hz, p <.05) but not at 1000 Hz (p = .240, Table 2).
Belonging to the category “MRI with CNS abnormalities” predicted
worse recovery in high frequencies (>1000 Hz, p = .046) at V1 but
not in the other frequencies (Table 2). Figure 2 shows hearing loss at
VO and recovery at V1 estimated by the four models shown in Table 2
for three age values (30, 50, and 70 years).

4 | DISCUSSION
To the best of our knowledge, this is the largest retrospective study
investigating associations between clinical findings (including cardio-
vascular risk factors) and MRI-abnormalities in SSNHL, as well as their
prognostic impact on hearing recovery. In our series, 88/266 (33%)
patients exhibited normal and 178/266 (67%) abnormal MRI examina-
tions. The prevalence of cardiovascular risk factors was similar in the
three MRI groups, that is, normal MRI, MRI with PAS lesions, and MRI
with CNS lesions. Gender, cardiovascular risk factors, and belonging
to one of the three MRI groups did not affect initial hearing loss. Poor
hearing recovery for all frequencies excepting 1000 Hz was signifi-
cantly associated with age > 70 years, however, neither with gender
nor with cardiovascular risk factors. In addition, poor recovery of ini-
tial hearing loss in high frequencies (>1000 Hz) was significantly asso-
ciated with CNS lesions (leukoaraiosis and various lesions of vascular
origin) depicted by MRI while recovery in the other frequencies
was not.

SSNHL work-up with MRI primarily seeks to exclude morphologic

causes including schwannomas,?

other tumors, demyelinating dis-
eases,?? vascular, inflammatory, and hemorrhagic etiologies.23'24 Con-
trast-enhanced MRI is the examination method of choice and several
authors have shown that the etiology of SSNHL can be identified by
MRI in 7%-57% patients.?>2¢ PAS abnormalities found on MRI, such
as labyrinthine hemorrhage, cochlear inflammation or schwannomas
reportedly vary between 18% and 31%.2” PAS lesions were the most
common abnormalities in our study (35.7%), a finding consistent with
other studies.?>?® Current MRI sequences can identify intra-labyrin-
thine hemorrhage and increased protein content, following inflamma-

tion or infection??%°

while peri-lymphatic contrast enhancement can
be precisely evaluated on delayed FLAIR sequences.®! Labyrinthine
contrast enhancement in SSNHL patients®? was found to correlate
with acute inflammation.%° In the current study, we identified 33
patients (12%) with labyrinthine contrast enhancement on MRI non-

related to schwannoma and reflecting labyrintitis. Although contrast

enhancement within the cochlea has been previously associated with
poor hearing prognosis®® data on reported outcomes are
contradictory.3°

Endolymphatic hydrops can be diagnosed with delayed FLAIR
sequences (obtained 4 h post-contrast injection) due to the delayed
accumulation of contrast in the perilymph but not in the endo-
lymph3*% In the current study, MRI detected cochleovestibular
hydrops as a probable cause of SSNHL in 3/266 patients. Neverthe-
less, delayed FLAIR imaging was available only in five patients as
delayed FLAIR is currently not routinely recommended in all SSNHL
patients.

Schwannomas are among the most common findings in SSNHL.**
About 10% of patients with cochleovestibular schwannomas exhibit
SSNHL as initial symptom = tinnitus and MRI is the only imaging
modality capable of diagnosing these tumors.2*¢%” Baird et al.2® ana-
lyzed 987 MRIs performed for SSNH or for progressive SNHL. Among
6.9% abnormalities, only 4% were schwannomas. In the current study,
MRI detected cochleovestibular schwannomas in 13.6% of patients
with PAS lesions and in 4.9% of all SSNHL patients, a finding which is
in line with reported data. Among our schwannoma patients, 8/13
(61.5%) presented complete/partial hearing recovery. As suggested by
other authors, the therapeutic response to corticosteroid therapy
does not exclude schwannoma as diagnosis.>®

The reported supra- and infratentorial CNS abnormalities in
SSNHL patients are of ischemic origin,®? associated with multiple scle-
rosis,*® or tumors,** and brainstem abnormalities are detected in 3%
of SSNHL patients.*? Hearing loss may be the first warning symptom
of an ischemic stroke,*® the risk of stroke at 5 years being 1.64 times
higher in SSNHL patients than in controls.** Overall, 10% of the
patients in the current study had a stroke within 6 months of the
SSNHL episode; the incidence of stroke was, however, similar in all
MRI groups. In particular, there was no statistically significant differ-
ence regarding stroke incidence between patients with CNS lesions
and patients with normal MRI or MRI with PAS lesions (Table 1).
According to the literature, SSNHL can occasionally occur as a conse-
quence of basilar artery ischemia, AICA ischemia, extensive bilateral
ischemia of the ascending auditory pathways or of both temporal
lobes, as well as following sequential bilateral infarctions.>**> Some
authors have suggested that SSNHL may result from vascular disrup-
tion or ischemia due to pre-existing cardiovascular risk factors.®
Rudak et al. found that—in comparison to age- and sex-matched con-
trols—smoking and higher fibrinogen plasma levels (as in stroke
patients), as well as GPla C807T polymorphism were associated with
an increased risk for SSNHL, however, neither hypercholesterolemia
nor hypoalphalipoproteinemia.’” The authors concluded that vascular
involvement may play a role in SSNHL.>” In contrast, Ballesteros et al.
evaluated the presence of genetic and acquired vascular risk factors in
99 patients with SSNHL and found no clear relationship between vas-
cular risk factors and SSNHL, concluding that further studies were
necessary to support the hypothesis that SSNHL may represent a vas-
cular symptom.*® In a retrospective study based on 35 patients with
idiopathic SSNHL (17 with hypertension, diabetes mellitus and/or
dyslipidemias and 17 patients without associated diseases) Nagaoka
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et al. identified a higher prevalence of cerebral microangiopathic
changes on MRI scans in patients with associated diseases; in addi-
tion, patients with associated diseases were older than patients with-
out associated diseases and they experienced slower hearing recovery
in speech discrimination tests.*? In our study, 63% of the 266 patients
with SSNHL presented at least one cardiovascular risk factor, yet
without statistically significant differences between the three MRI
groups. Although cardiovascular risk factors neither influenced initial
hearing loss nor hearing recovery (Tables 1 and 2), CNS anomalies
depicted by MRI influenced hearing recovery in high frequencies,
whereas recovery in other frequencies was not affected. This effect
was independent of age. In the current study, leukoaraiosis repre-
sented 53.5% of all CNS anomalies, and 44.2% of the remaining CNS
anomalies were of various vascular origin (see Section 3). Leukoaraio-
sis consists of diffuse alterations of periventricular and subcortical
white matter, occurring predominantly in elderly individuals and char-
acterized on MRI by white matter hyperintensity.*® The exact etiology
is not completely understood: hypoxic-ischemic events caused by
small vessel stenosis or occlusion (typically of the thalamostriate and
other perforating arteries), blood-brain barrier damage and endothe-
lial dysfunction, as well as subsequent immune and inflammatory acti-
vation are thought to play a major role.*”8

Several studies investigated the clinical factors able to predict the
probability of later hearing recovery.!” Poorer hearing recovery was pre-
dicted by existing vestibular symptoms and previous hearing loss, these
being the only significant predictors.” Two studies compared MRI
results with auditory recovery, focusing on internal auditory canal abnor-
malities, hemorrhage, and labyrinth enhancement on standard MRI scans
or on delayed MRI scans obtained 4 h after iv. administration of con-
trast.?>'* Compared with patients with normal MRI findings, hearing
recovery was worse in patients with PAS abnormalities.*>*

In our study, 63% patients recovered hearing at V1. Age
> 70 years was an independent negative prognosticator of hearing
recovery for most frequencies excepting 1000 Hz. Our study also
showed that although hearing recovery was not affected by cardio-
vascular factors as assessed by standard clinical and laboratory tests,
the presence of CNS lesions detected by MRI (i.e., leukoaraiosis and
other vascular lesions) predicted poorer auditory recovery in high fre-
guencies, yet without significant correlations between MRI results
and initial hearing impairments. Age and CNS lesions depicted by MRI,
therefore, independently predicted poorer recovery albeit in different
frequencies. Our study highlights the fact that CNS involvement may
play an important role on auditory recovery in SSNHL. In contrast to
our study, Lee at al found that the presence of mild degrees of leu-
koaraiosis was associated with improved hearing gain while patients
with more severe leukoaraisis showed similar hearing recovery as
patients without.'® Further studies to elucidate the effect of leukoar-
aiosis and other lesions of vascular etiology on hearing recovery are,
therefore, warranted.

While MRI-detected incidentalomas are debatable,** their detec-
tion had an important clinical impact in 10/40 (25%) of patients with
incidentalomas, with 6/40 (15%) undergoing surgery and 4/40 (10%)
having clinical follow-up.

Our study has several limitations including follow-up audiograms
obtained only at 15 days after SSNHL in all patients and no 3-month
follow-up audiograms in 50% patients. Nevertheless, literature reports
65% recovery rates within 14 days, which is comparable to our data.
The second study limitation was that 25.6% of patients did not bene-
fit from treatment due to contraindications to corticosteroids, compli-
ance, or refusal. Nevertheless, literature reports a 40% spontaneous

recovery rate, in the absence of any treatment.>®

5 | CONCLUSION

Among 266 patients, 178 (67%) displayed MRI abnormalities, 9.9% of
which were etiologically directly correlated with SSNHL, 17.7% possibly
correlated, and 16.9% of uncertain correlation. In patients with complete or
partial hearing recovery, 76/142 (53.5%) exhibited PAS or CNS abnormali-
ties. Gender, cardiovascular risk factors and belonging to one of the three
MRI groups (normal MRI, MRI with PAS lesions, MRI with CNS lesions) did
not affect initial hearing loss. Age > 70 years and CNS lesions depicted by
MRI (leukoaraiosis and other lesions of vascular origin) independently pre-

dicted poorer auditory recovery, albeit in different frequencies.
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