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CASE REPORT

Microangiopathy of the inner ear, deafness, and cochlear implantation
in a patient with Susac syndrome
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Abstract
Conclusion: The cochlear implant was beneficial as an attempt to restore hearing and improve communication abilities in this
patient with profound sensorineural hearing loss secondary to Susac syndrome.Objective: To report the audiological outcomes
of cochlear implantation (CI) in a young woman with Susac syndrome after a 6-month follow-up period. Susac syndrome is a
rare disorder. It is clinically characterized by a typical triad of sensorineural deafness, encephalopathy, and visual defect, due to
microangiopathy involving the brain, inner ear, and retina. Methods: This was a retrospective review of a case at a tertiary
referral center. After diagnosis, the patient was evaluated by a multidisciplinary team and received a cochlear implant in her
right ear. Results: The patient achieved 100% open-set sentence recognition in noise conditions and 92% monosyllable and
68% medial consonant recognition in quiet conditions after 6 months of implant use. She reported the use of the telephone
3 months after activation.

Keywords: Encephalopathy, sensorineural hearing loss, retina, branch retinal artery occlusion, retinocochleocerebral
vasculopathy

Introduction

Susac syndrome (SS) is a rare disorder involving
microangiopathy of the brain, inner ear, and retina
and was initially described in 1979 by Susac et al. [1].
It predominantly affects women between 30 and
40 years old. The classic triad of clinical symptoms
includes acute or subacute encephalopathy, sensori-
neural hearing loss (SNHL), and branch retinal
artery occlusion (BRAO) [2]. SS has also been called
RED-M (retinopathy, encephalopathy, deafness-
associated microangiopathy), SICRET (small infarcts
of cochlear, retinal, and encephalic tissues), and reti-
nocochleocerebral vasculopathy [3–5]. The cause and
pathogenesis of this condition remain unknown. The
course of the disease is usually self-limited and fluc-
tuating; about 33% of patients may have residual
cognitive, visual, and/or hearing disability [2,6].

So far, two cases of SS involving cochlear implan-
tation (CI) have been reported in the literature [3,7].
We report the audiological outcomes of CI in a young
woman with profound SNHL secondary to SS after a
6-month follow-up period.

Case report

A 20-year-old woman with a complaint of a 4-year
history of decreased hearing associated with bilateral
tinnitus was admitted into the CI evaluation process.
She had been using hearing aids for the past 2 years,
with limited ability to hear speech. Audiological exam-
ination revealed poor word recognition and bilateral
profound SNHL. Auditory brainstem response and
otoacoustic emissions could not be elicited.
The onset of neurological symptoms started with

isolated seizures when the patient was 4 years old.
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By the age of 15 years (2005), she developed visual
hallucinations followed by loss of consciousness and
falling.
Concomitantly, she presented hypoesthesia over

the L2–L4 dermatomes and chronic headache,
accompanied by photophobia, nausea, vomiting,
and vertigo. The hearing loss in the left ear was
initially progressive; 20 days later, the right ear was
affected by sudden deafness. Her electroencephalo-
gram showed paroxysms and irregular slow waves in
the projection of the left hemisphere, in the temporal
region. On that occasion, her psychological examina-
tion demonstrated a depressive personality.
In 2008, she experienced blurred vision in the left

eye and, subsequently, visual deficit in the right eye.

On ophthalmologic examination, visual acuity was
20/20 in the left eye and 20/50 in the right eye.
Fundoscopic examination revealed the proliferation
of blood vessels, and retinal panphotocoagulation was
performed for the regression of the neovasculariza-
tion. BRAO was well documented by fluorescein
angiography (Figure 1). Partial improvement was
achieved after treatment with cyclophosphamide
and methylprednisolone pulses.
Laboratory evaluations were normal, including

blood cell count, C-reactive protein, coagulation pro-
file, and serology for infective agents and autoimmune
diseases. Following a lumbar puncture, a cerebrospi-
nal fluid (CSF) study revealed elevated erythrocyte
count and increased protein level. Brain magnetic

A B

Figure 1. Fluorescein angiography of the right (A) and left (B) eyes shows occlusions of the retinal artery branch.

A B

Figure 2. (A) Axial T1-enhanced brain MRI: retractable ischemic lesions in the region of the left pericallosum artery. (B) Coronal T2 brain
MRI: hyperintense foci in the bilateral frontoparietal subcortical white matter, these are more frequent and extensive on the left side.
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resonance imaging (MRI) on T2 sequences demon-
strated multifocal hyperintense lesions in both the
gray and white matter, which are pathognomonic
for SS (Figure 2).
The patient maintained severe auditory deficits,

moderate visual field defects, and no neuropsycholog-
ical sequelae. In 2009, the patient received a Nucleus
Freedom Contour Advance device (Cochlear Ltd,
Lane Cove, Australia) in her left ear. The implant’s
magnet was removed intraoperatively and replaced
with a nonmagnetic plug to allow successive MRI.
The electrodes were fully inserted, and there were no
postoperative complications.

Results

The device was activated 30 days after the surgery,
with a Freedom speech processor and adhesive mag-
nets allowing perfect transmission between the coil
and the implant. The patient was programmed with
the advanced combination encoder strategy, at
900 Hz and eight maxima with the ADRO preproces-
sing strategy.
Aided hearing thresholds in the implanted ear

before CI were around 115 dB HL (Figure 3) and,
after 3 months of CI use, approximately 20 dB HL
(Figure 4). Speech perception results were based on
the center protocol [8], including open-set speech
tests presented at 65 dB SPL. Results after 6 months
of implant use showed 100% sentence recognition in
quiet and in noise (signal-to-noise ratio = 0 dB), as
well as 92% monosyllable and 68% medial consonant
recognition. The patient reported the use of the
telephone and an appreciation of music 3 months
after activation.

Intraoperatively electrically evoked compound
action potential was recorded through neural
response telemetry (NRT) with Custom Sound
EP� software. Impedances were adequate and homo-
geneous in both the intraoperative and postoperative
sessions. Adequate and homogeneous NRT thresh-
olds were found along all 11 tested electrodes in the
intraoperative session. Thresholds were registered
around 186 current units in the apical, medial, and
basal regions. Figure 5 shows the amplitude of the
basal and apex electrodes in the intraoperative and
postoperative sessions. Although thresholds were sim-
ilar throughout the array, it seems that the threshold
amplitude of neural response was higher at the base in
the postoperative session. Figure 6 shows the recovery
and spread of excitation functions of electrode 20,
tested in the intraoperative session, when it showed
adequate conduction and selectivity of the stimula-
tion. The saturation level (Figure 6A) was 331.78 mV;
the absolute refractory period (t0) and curviness
parameter for the model function (tau) were
304.93 ms and 789.34 ms, respectively.

Discussion

The course of this disorder is variable. Patients with
SS usually take from a few weeks to 2 years to exhibit
the complete clinical triad of symptoms, and only 3%
show all the features at the onset [4,9]. Most cases
seem to stabilize without additional attacks after
2 years [4,10,11]. In 75% of cases, SS begins with
neuropsychiatric disorders, either alone or associated
with visual and/or hearing symptoms [5]. Acute or
subacute encephalopathy is demonstrated by cogni-
tive dysfunction (memory loss, confusion, and/or
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Figure 4. Aided hearing thresholds in the implanted ear after CI.
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Figure 5. Intraoperative (top) and postoperative (bottom) amplitude growth function of the neural response telemetry (NRT). (A) Amplitude
(calculated threshold) on electrode 1 and (B) amplitude (calculated threshold) on electrode 22 (calculated threshold).
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dementia), ataxia, diplopia, nystagmus, dysarthria,
dysmetria, seizures, or corticospinal tract dysfunction
[12]. Personality change and bizarre behavior may
also appear. Headache is a common prodromal symp-
tom that can precede encephalopathy by several
months and is usually migraine-like [4,11,13,14].
During the encephalopathic phase, electroencephalo-
grams usually show diffuse slowing [4,10,14]. CSF
invariably shows an elevated protein count with dif-
ferent degrees of lymphocytic pleocytosis [5,13,14].
This usually returns to normal after the acute phase
[2,6]. The associated retinopathy is usually charac-
terized by a sudden onset of impaired vision [10].
Small peripheral arteriolar occlusions can be asymp-
tomatic and not detected on a fundoscopic exam [6].
Retinal fluorescein angiography may show the BRAO
and the pathognomonic multifocal fluorescence of the
branch arterioles [4,13]. Our patient presented occlu-
sions of some retinal veins, which is unusual [4,9].
Inner ear involvement is demonstrated by a bilat-

eral, asymmetric SNHL on pure-tone audiometry

tests (typically at low and medium frequencies)
and/or by decreased vestibular responses in caloric
tests [3,4,13]. The cochlear involvement has been
attributed to infarction of the cochlear apex region
supplied by end arterioles [8,13,14]. Confirming this
idea, Figure 5 shows that although NRT thresholds
were similar throughout the array, the threshold
amplitudes of neural response were higher at the
base, probably due to a higher number of ganglion
cells. Nevertheless, the recovery and spread of the
excitation functions of electrode 20 in the intraopera-
tive session showed adequate conduction and selec-
tivity of the stimulation, even in the apical region.
A prominent jerk nystagmus may be present and is
probably related to microinfarction of the membra-
nous labyrinth. Tinnitus, vertigo, unsteady gait, nau-
sea, and vomiting are also common symptoms
[10,11]. Petty et al. mentioned that auditory brain-
stem evoked responses are variable [9], which might
be due to the degree of hearing loss. However,
Connell and Brodie reported that otoacoustic

Figure 6. Intraoperative recovery function (A) and spread of excitation function (B) of the neural response telemetry (NRT). Given that the
intraoperative threshold at electrode 20 was 178 current units, both functions performed 32 current units above threshold.
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emissions were present in their case [7], suggesting
an auditory neuropathy spectrum disorder [15]. On
the other hand, Roeser et al. did not mention this
aspect as part of audiological diagnosis or manage-
ment [3]. The presence of robust NRT in our case
suggests good synchrony because evoked action
potentials could be elicited both intraoperatively
and postoperatively.
The T2-weighted MRI sequences of our patient

demonstrated multifocal hyperintense lesions
(Figure 2). They may appear during the acute enceph-
alopathy of SS, as numerous small hyperintense foci
on T2-weighted images in the white (more promi-
nent) and gray matter. These lesions may appear on
T1-weighted images as hypointense areas during the
subacute or late phases of the disease. There is a
predilection for corpus callosum involvement, and
the brainstem and cerebellum are habitually involved
[3,10]. The parenchymal lesions or leptomeninges
may show enhancement on contrast material [10,13].
Brain biopsy has been performed in some cases

[1,10]. It was clear that the disease was characterized
by microinfarctions, but the nature of the arteriolar
occlusion was not further defined [9,14].
Laboratory testing does not reveal any evidence of a

collagen vascular disease, procoagulant state, autoim-
mune disturbance, or infectious disease [2,13,14].
The evaluations of our patient were normal, including
blood cell count, C-reactive protein, coagulation pro-
file, and serology for infective agents and autoimmune
diseases. Patients with this syndrome are commonly
misdiagnosed, and the differential diagnosis includes
multiple sclerosis, lupus erythematosus, disseminated
encephalitis, Ménière’s disease, migraine, and throm-
boembolic strokes [10,11].
Two reported cases of bilateral hearing impairment

because of SS have undergone CI [3,7]. The SNHL is
initially managed with hearing aids. CI may be con-
sidered as a viable auditory rehabilitation method
when the SNHL progresses to a profound level and
the patient no longer experiences substantial improve-
ment from appropriate amplification aids. Connell
and Brodie reported on a patient with SS whose
hearing improved after 6 months of CI; noise testing
results changed from 0% to 94% correct answers, and
word recognition results changed from 0% to 76% at
60 dB [7]. Roeser et al. described significant hearing
restoration after a successful bilateral CI in a patient
with SS [3]. Our case showed similar results, with
100% open-set sentence recognition in noise condi-
tions and 92% monosyllable recognition in quiet
conditions.

In this case of SS, the implant provided many
benefits in restoring hearing and improving commu-
nication abilities.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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