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ABSTRACT
Susac’s syndrome is a rare immune-mediated endotheliopathy that mainly affects young women.
It is characterised by the presence of encephalopathy, retinal vaso-occlusive disease and hearing
loss. Diagnosis is based on the clinical presentation, brain magnetic resonance imaging, retinal
fluorescein angiography, and audiometry. Treatment consists of immunosuppressive therapy. This
review focuses on recent developments in the diagnosis and management of the condition.
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Introduction

Susac’s syndrome (SS) is a rare disorder charac-
terised by a classic triad of hearing loss, encepha-
lopathy, and branch retinal artery occlusions
(BRAO). The syndrome was first described in
1979 by J.O. Susac.1

It mainly affects young women, with a female/
male ratio of 3:1. Due to the rarity of this condition,
the true incidence and prevalence are unknown, with
only a few hundred cases described in the literature.2

Pathogenesis

SS is currently considered to be an autoimmune
endotheliopathy that causes damage to the microvas-
culature of the brain, inner ear, and retina. Susac et al.
proposed, in 2007, a role for anti-endothelial cell
antibodies (AECA) in the pathogenesis of SS, support-
ing the autoimmune basis for this condition.3 Since
then, some studies have also reported AECAs in asso-
ciation with SS patients.1,4,5 Recently, in a cohort of SS
patients studied by Jarius et al., 30% of patients were
positive for serumAECA.6 AECAs are neither specific
nor pathognomonic of SS. It is also still unknown
whether they have a pathogenic role in the disease
or if they are secondary to the disease’s endothelial
damage. Further studies are needed to establish the
impact of such antibodies in the pathogenesis and
diagnosis of the condition. Currently, routine screen-
ing of these antibodies is not recommended.6,7

The disease’s natural history and findings strongly
support an autoimmune basis, including the higher
prevalence in young women. Some authors have
described occurrences or relapses of the syndrome
in the context of pregnancy or the postpartum
period.8–10 The role of pregnancy and the postpar-
tum period is poorly defined in SS; however, hormo-
nal changes and immuno-modulation during
pregnancy can be responsible for exacerbations or
relapses of autoimmune conditions.10

Clinical presentation

Although SS is characterised by the presence of
a clinical trial, the full triad rarely manifests at first
presentation, which can make the diagnosis
challenging.8 Dorr et al., in a review of all pub-
lished cases of SS, reported that only 13% of
patients fulfilled the clinical triad at disease
onset.2 At the onset, central nervous system
(CNS) symptoms are the most frequent, followed
by visual and lastly hearing disturbances.11

The syndrome is commonly categorised into
two clinical subsets: one characterised by severe
neurological involvement; and the other by
ophthalmological involvement with recurrent epi-
sodes of BRAO and milder, or even absent, neu-
rological findings.12,13

Rennebohm et al. suggested stratification of
the syndrome into three major clinical courses:
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monocyclic – fluctuating disease that is self-
limited over a maximum period of 2 years; poly-
cyclic – a recurrent disease for over a two-year
period; and a chronic-continuous form.12

Neurological findings

Encephalopathy symptoms are varied and include
memory loss, psychiatric disturbances, cranial
nerve disorders, seizures, and dementia.2,10,14-16

Headache, although non-specific, is the most fre-
quent symptom, affecting up to 80% of patients.2

Headache can present as migrainous-like or oppres-
sive, with varying degrees of intensity, and can be
prodromal, preceding the onset of new symptoms
for about 6 months.1,17

Histopathological examination of brain biopsies
demonstrates arteriolar wall proliferation and lym-
phocytic infiltration, evidencing amicro-angiopathic
process as the cause for brain micro-infarcts.1,4

Ophthalmological findings

BRAOs are the classical retinal finding in SS.
Visual loss resulting from the occlusions can pre-
sent as altitudinal defects or central/paracentral
scotomas; however, when the occlusions are
located in the peripheral retina, patients may be
asymptomatic.13,18 Blurred vision and photopsias
are also frequently reported. BRAOs can be bilat-
eral and can involve multiple arterioles.2,19

Affected areas of retina may suffer from ischaemia.
Rarely, neo-vascularisation and vitreous haemor-
rhage may develop.13

Aside from BRAOs, Gass plaques are commonly
found in SS patients. These plaques consist of
extravasation of lipids from vessels and they
appear as yellow refractile lesions resembling
emboli. Unlike emboli, Gass plaques are located
far from arteriolar bifurcations and BRAOs.20,21

Gass plaques are commonly found in acute disease
stages, however they fluctuate with disease activity
and may even disappear with treatment or with
inactive disease.7,21 Although characteristic of SS,
Gass plaques can also be found in other retinal
diseases.13

Egan et al. reported the presence of arterio-
arterial collaterals as a newly discovered ophthal-
mological finding in SS. These collaterals are

located away from the optic disc and develop
later in the course of disease.22

Vestibular-cochlear findings

Sensorineural hearing loss is the main feature of
auditory involvement in SS and is caused by inner
ear vasculopathy. Hearing loss is typically abrupt
and unilateral, but contralateral hearing loss may
follow, leading to total deafness.11,23 The hearing
loss is frequently accompanied by tinnitus and ver-
tigo, reflecting some degree of vestibulocochlear
dysfunction. Unlike other symptoms and deficits,
hearing loss in SS is often irreversible, with frequent
need for hearing devices or cochlear implants.9,24,25

Diagnosis

Diagnosis of SS is based on the clinical presen-
tation and findings from retinal fluorescein
angiography (FA), brain magnetic resonance
imaging (MRI) and audiometry. A high index
of suspicion is necessary, considering that some
patients may never develop the classic clinical
presentation, which can be a major cause of
misdiagnosis.1,2

When the full clinical triad is present the diag-
nosis of complete SS is straightforward. The occur-
rence of only two manifestations of the triad
suggests the diagnosis of incomplete SS.8

The main differential diagnosis of SS includes
multiple sclerosis (MS) and acute disseminated
encephalomyelitis.26

The white matter of the brain is most frequently
affected, but the leptomeninges, grey matter, cere-
bellum and thalamus can also be affected.
“Snowball” lesions of the corpus callosum on MRI
are pathognomonic and represent multifocal callosal
micro-infarcts (Figure 1); these lesions can evolve
into callosal “holes”, usually called “punched out”
lesions (Figure 2).2,27,28 Other MRI signs of SS
include leptomeningeal enhancement, deep grey
matter, or cortical involvement and micro-infarcts
of the internal capsule, which constitute the “string
of pearls” sign.12,20,27

Lumbar puncture can reveal elevated protein
levels in the cerebrospinal fluid with lymphocytic
pleocytosis.3,28 Oligoclonal bands are usually
absent, unlike in MS.2,4
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BRAOs can be identified on ophthalmoscopy but
FA is extremely useful, aside from detection of
BRAOs, for monitoring disease control and treatment

response.29 In a comprehensive review of all SS
reported cases, FA showed BRAOs in 217 of 219
patients (99%).2 Arterial wall hyperfluorescence
(AWH) is the typical angiographic sign (Figures 3
and 4).20 AWH results from vascular leakage from
damaged vessels. It indicates disease activity and can
be considered pathognomonic for retinal involvement
in SS.11,12,20 Changes in the vasculature in SS are
limited to the retinal vessels with the choroidal vessels
being spared. Indocyanine angiography is usually
normal.13

Recently, some authors have suggested that cen-
tral callosal lesions on MRI and AWH on FA can
be considered as independent diagnostic criteria
for definite SS. Therefore, in patients lacking the
clinical triad, imaging findings of central callosal
lesions on MRI or AWH on FA (in arterioles
remote from any BRAO) are enough for

Figure 1. Axial T2-weighted magnetic resonance imaging
demonstrating typical central callosal lesions (white arrows).

Figure 2. Sagittal T1-weighted magnetic resonance image
demonstrating central callosal punched-out lesions (white
arrows).

Figure 3. Arterial wall hyperfluorescence (black arrow) and
a BRAO (white arrow) on fluorescein angiography.

Figure 4. Typical arterial wall hyperfluorescence remote from
a BRAO (black arrow) on fluorescein angiography.
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a definite diagnosis of SS, obviating the need for
further investigation.7

Optical coherence tomography (OCT) per-
formed in SS patients reveals patchy atrophy of
inner retina layers and normal external retinal
layers, supporting the idea that the syndrome
causes a retinal vasculopathy.30 New imaging tech-
niques, such as optical coherence tomography
angiography (OCTA) can provide a better under-
standing of the involvement of the retinal vascu-
lature in SS. In a case report by Azevedo et al.,
OCTA showed superficial and deep retinal vascu-
lar non-perfusion without chorio-capillary vascu-
lature changes in a SS patient. The areas affected
on OCTA corresponded to points of low sensitiv-
ity on microperimetry.31 OCT and OCTA may
show benefit in monitoring disease activity and
in differentiating SS from other ophthalmological
or neurological entities, such as MS.20,30

Audiometric data is useful at documenting the
sensorineural hearing loss and usually demonstrate
loss of low and middle frequencies.24

Treatment

Most knowledge on treatment of SS comes from
anecdotal reports and clinical experience, with
standardised treatment and guidelines still lacking.
Aggressive and early immunosuppressive treat-
ment is the modality of choice in all patients
with studies showing good results with recovery
or stabilisation of disease.

The duration and type of treatment depend on the
chronicity and severity of disease, but also depend on
the clinical presentation. Patients with encephalopa-
thy usually require a more aggressive and longer
course of treatment than patients with predominant
ophthalmological involvement. Rennebohm et al.
recently suggested a new treatment algorithm for SS
based on the clinical presentation and disease
severity.32

First-line therapy consists of high-dose intrave-
nous corticosteroids followed by high-dose oral
corticosteroids with slow tapering. Use of intravi-
treal corticosteroids has been reported to lead to
resolution of a patient’s symptoms.33

Intravenous immunoglobulins are also
a mainstay of treatment, used with concomitant
corticosteroids, and has shown great efficacy in

acute and prolonged disease.34 Other agents that
can be used include mycophenolate mofetil, ritux-
imab, cyclophosphamide, and azathioprine.7,12

Different agents can be combined, in order to
achieve better results or tolerability.

Anti-platelet and anticoagulant agents have
been implemented as an adjuvant treatment with
limited benefit. These agents should be considered
in the presence of pro-coagulant risk factors.4,34

Plasma exchange can be used as an adjuvant or
alternative therapy in corticosteroid-resistant
patients.35

Specific treatment for complications or sequelae
include cochlear implants and hearing aids for
hearing loss and hyperbaric oxygen therapy for
retinal occlusions.25,34

Therapy should be monitored with clinical eva-
luation and regular MRIs and retinal FAs. Change
of therapy should be considered in the presence of
new symptoms or lesions.7

Prognosis

SS is considered to be, in most cases, a self-limiting
disease. Less frequently it can present with
a polycyclic or chronic-continuous course. The
prognosis is good with early treatment, despite the
initial presentation. While encephalopathy and
visual disorders can resolve or remit with treat-
ment, hearing loss is usually permanent.9,11 Delays
in diagnosis and treatment can lead to important
sequelae, with up to 50% of patients developing
cognitive impairment in such circumstances.4,28

Regardless of the favourable prognosis, recur-
rences of the disease have been reported, some
several years after the initial diagnosis and others
in association with pregnancy.9,36 Lifelong moni-
toring for disease recurrence is required for these
patients.
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