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Abstract

In 2020 the world was captivated by the COVID-19 pandemic. Current scientific evidence suggests an interaction of SARS-
CoV-2 and the human immune system. Multiple cases were reported of patients with COVID-19 presenting with encepha-
lopathy, confusion or agitation, stroke, and other neurologic symptoms. We present a case of a 40-year-old man diagnosed
with Susac syndrome after COVID-19, presenting with acute sensorineural hearing loss, encephalopathy, a splenial “snow-
ball-like” lesion, and branch retinal artery occlusions with distal arterial wall hyperintensity. Although the pathophysiology
of Susac syndrome remains unclear, this case is in line with the ongoing debate about the influence of SARS-CoV-2 on the
human immune system. Corticosteroid treatment was initiated, followed by two treatments with rituximab, with clinical
improvement of the symptomatology. Maintenance treatment currently consists of mycophenolic acid (MPA). Future research
will need to focus on the underlying mechanisms for COVID-19-associated (autoimmune) complications.
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Background

The WHO declared COVID-19 to be a pandemic as of
March 2020 (WHO Director-General 2020). As of writing
this report, there is still a high rate of new SARS-CoV-2
infections worldwide (World Health Organization 2020).

Recent scientific evidence reports a wide range of cen-
tral nervous system (CNS) complications associated with
COVID-19. Multiple cases were reported of patients with
COVID-19 presenting with encephalopathy, confusion or
agitation, stroke, and other neurologic symptoms (Ellul et al.
2020; Helms et al. 2020).

Susac syndrome is a rare condition, first described by the
American neurologist John Susac in 1979, characterized by a
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typical triad of encephalopathy, sensorineural hearing loss, and
branch retinal artery occlusions (BRAO) (Dorr et al. 2013). To
date, there is only one case report on Susac syndrome following
a SARS-CoV-2 infection (Venditti et al. 2020).

Here, we present a case of a 40-year-old man diagnosed with
Susac syndrome after COVID-19, presenting with the classic
triad. Although the pathophysiology of Susac syndrome remains
unclear, this case is in line with the ongoing debate about the
influence of SARS-CoV-2 on the human immune system.

Case presentation

A 40-year-old male patient, with no relevant medical history,
was referred to the emergency department with acute hear-
ing loss, tinnitus, an abnormal gait pattern, and progressive
confusion for the past 7 days. He had tested positive for
SARS-CoV-2 14 days prior to presentation at the hospital.

History taking was seriously complicated by the acute
confusion and severe hearing problems. The patient was
unaware of the situation and unable to tell his name, age,
or location. Heteroanamnesis only revealed complaints of
vertigo and a mild headache in the past days. There was an
uncoordinated atactic gait pattern and lower facial asym-
metry. Confrontational visual field testing was negative for
visual field defects. There were no other obvious objective
signs of neurological deficits.
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«Fig. 1 Magnetic resonance imaging (MRI) after 7 days (diagnosis)
with the characterizing splenial lesion of the corpus callosum on sag-
ittal T2 localizer (A), DWI b1000 image (B), and T2 axial FLAIR
(C), together with bilateral supratentorial enhancing white matter
lesions, already present on the first MRI, on FLAIR (D), DWI b1000
(E), and ADC imaging (F)

Investigations

Upon admission, the patient still had a positive nasopharyn-
geal polymerase chain reaction (PCR) assay for SARS-
CoV-2. However, the viral load was low and considered
residual viral particles. The complete blood count showed a
normal red and white blood cell count with normal distribu-
tion and thrombocytosis.

The initial cerebral MRI was complicated by moving arti-
facts due to confusion. It showed hyperintense lesions on
DWI and FLAIR anteriorly in the splenium of the corpus
callosum and posterior commissure with bilateral supraten-
torial diffusion-restricted white matter lesions (Fig. 1). Radi-
ologically there were arguments for a, possibly COVID-19
induced, mild encephalopathy with reversible splenial lesion
(MERS).

Cerebrospinal fluid analysis showed an elevated total pro-
tein (1990 mg/L), albumin (1450 mg/L), IgG (235 mg/L),
and minimal pleocytosis (6 WBC/uL). Bacterial cultures,
SARS-CoV-2 PCR, and multiplex PCR on CSF were
negative.

A second cerebral MRI scan was performed 7 days later.
The supratentorial diffusion-restricted T2 FLAIR hyperin-
tense lesions were comparable .The lesion in the splenium
of the corpus callosum had now decreased in volume and
looked more like a “snowball” in the sagittal plane (Fig. 1).

Next, audiometric tests were performed to objectify the
hearing loss. Audiometry showed a severe hearing impair-
ment diagnosed as sensorineural hearing loss. Thresholds
based on audiometry were found to be 45dB at 500Hz and
70dB at 1-4kHz in the right ear and 45dB at S00Hz, 70dB
at 1kHz, and 60dB at 2—4kHz in the left ear. However, brain-
stem evoked response audiometry (BERA) revealed normal
bilateral thresholds of 20dB. Otoacoustic emissions (OAE)
were absent bilaterally.

Ophthalmological examination demonstrated normal
visual acuity, normal eye pressure, and a normal anterior
segment. However, fluorescein angiography within the first
week and after 3 weeks visualized BRAOs in several areas of
the left and right eye, with arteriolar wall hyperfluorescence
(AWH) (Fig. 2). No improvement of the arterial occlusions
was visualized after 3 weeks. Optical coherence tomography
(OCT) demonstrated a normal thickness of the retinal nerve
fiber layer (RNFL) to the outer plexiform layer.

The combination of acute sensorineural hearing loss,
encephalopathy, the presence of a splenial “snowball-like”
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lesion, and BRAOs with distal AWH confirmed the diagno-
sis of Susac syndrome.

Treatment

Initially, treatment with acyclovir and remdesivir was initi-
ated for the, potentially SARS-CoV-2 associated, enceph-
alitis (Beigel et al. 2020). When Susac syndrome was
confirmed, therapy was adjusted. Intravenous methylpred-
nisolone (1000mg) was administered for 5 days, followed by
an oral dose of 64mg daily tapered over 5 weeks. A 16mg
maintenance treatment was introduced in association with
aspirin. In addition, after the 5 days of methylprednisolone
therapy, a one-day treatment with a monoclonal antibody,
Rituximab 1000mg was administered. The administration of
rituximab 1000mg was repeated after 2 weeks. In coopera-
tion with a tertiary university hospital, maintenance treat-
ment with mycophenolic acid was associated 2 months after
the initial diagnosis to reduce corticosteroid use.

Outcome and follow-up

The patient remained hospitalized for 15 days. After initiat-
ing the methylprednisolone therapy, a significant improve-
ment of gait and encephalopathic symptoms was objectified.
One month after discharge, the patient was evaluated. He
was less confused and had problems with concentrating.
There was an objective improvement in hearing based on
the audiometry after 1 month (Fig. 3) when comparing the
hearing thresholds mentioned before.

Check-up at 2 months showed residual physical decondi-
tioning, intermittent vertigo, and persistent tinnitus on the
right side. In general, the patient was doing much better.
Audiometry was worse on the right side at low frequencies
and remained stable on the left side. A new angiography
after 3 months showed residual BRAOs with even a dete-
rioration of arterial occlusions (Fig. 2).

Discussion

We presented a case of Susac syndrome complicating a
recent SARS-CoV-2 infection. Today, only one case has
been reported by Venditti et al. on Susac syndrome follow-
ing a SARS-CoV-2 infection (Venditti et al. 2020). Unlike in
our current case, the classic triad was not present. Neurolog-
ical signs similarly improved significantly after administra-
tion of IV methylprednisolone. Here, the initial differential
diagnosis consisted of herpes encephalitis and COVID-
19-induced MERS. The final diagnosis of Susac syndrome
was facilitated by a multidisciplinary diagnostic work-up by
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Fig.2 Fluorescein angiography within the first week and after 3
weeks visualized comparable BRAOs (arrowhead) in the superior
and nasal area of the right eye, with AWH in the superior and infe-
rior area. The left eye showed BRAOs in the superior, temporal and

the neurologist, neuroradiologist, ophthalmologist, and ENT
specialist (Egan 2019; Kleffner et al. 2016). When submit-
ting this case report, the total follow-up time was only 14
weeks. Further frequent evaluation by the multidisciplinary
team was planned.

Numerous cases of neurological complications associated
with the current COVID-19 pandemic have been reported

nasal area, with a superior zone of AWH in the first fluorescein angi-
ography (white arrows) (A and B). A new angiography after 3 months
showed residual BRAOs with even a deterioration of local arterial
occlusions (C and D)

(Ellul et al. 2020). The pathophysiology of Susac syndrome
remains unclear but may be mediated by an autoimmune
response, causing microvessel ischemic occlusions in
cerebral, cochlear, and retinal tissue. It is questionable if
the recent SARS-CoV-2 infection is causal or coincidental.
However, SARS-CoV-2 interferes with the angiotensin-
converting enzyme 2 (ACE-2) receptor, contributing
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Fig.3 Audiometry 1 month after the initial symptoms. Thresholds were 40dB at 500Hz, 50-60db at 1-4kHz, and 25dB at 8kHz in the right ear
and 5dB at 250Hz, 5dB at 5S00Hz, 40dB at 1-2kHz, 60dB at 4kHz, and 50dB at 8kHz in the left ear. The initial audiometry was not interpretable.

to endothelial dysfunction and microvessel occlusion.
Postmortem high-resolution MRI of the brains of patients
with COVID-19 confirmed small vessel damage (Lee et al.
2020). COVID-19-associated strokes are ascribed to a
severe introduced coagulopathy and large vessel occlusion
combined with systemic inflammation and cytokine
storm (Fifi and Mocco 2020). This cytokine storm could
potentially trigger the human immune system and induce
autoimmunity. In a retrospective study by Wilf-Yarkoni
et al., infectious serological findings for cytomegalovirus
suggest a post infectious mechanism, as might be the
case after a COVID-19 infection (Wilf-Yarkoni et al.
2020). Furthermore, viral infections have previously been
mentioned in other autoimmune-mediated diseases such
as Epstein-Barr virus in multiple sclerosis (Icenogle 2020;
Ehrenfeld et al. 2020). As this is currently an important topic
in scientific research, future research will need to focus on
the underlying mechanisms for COVID-19-associated
(autoimmune) complications.

Learning points

COVID-19 can be associated with neurological compli-
cations such as stroke and encephalopathy.

Despite insufficient evidence, Susac syndrome may be
triggered by an autoimmune response associated with a
SARS-CoV-2 infection.
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— The diagnosis of Susac syndrome requires a multidisci-
plinary work-up.

— Future research should focus on exposing the underlying
mechanism of the interference of SARS-CoV-2 with the
human immune system.
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