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Abstract

Susac syndrome is a likely autoimmune microangiopathy affecting the brain, retina and inner ear. Due to the rarity of this
condition, diagnosis and treatment can be challenging. Diagnosis is based on the presence of the clinical triad of central
nervous system dysfunction, branch retinal artery occlusions and sensorineural hearing loss. Typical MRI findings of callosal
and peri-callosal lesions may assist in diagnosis. Clinical course can be monophasic, polycyclic or chronic continuous. It is
important to look out for red flags to attain an accurate diagnosis and follow a therapeutic algorithm based on severity of the
disease and response to treatment. Patients are treated with steroids and immunosuppressive agents with a variable response.
Early aggressive treatment especially in severe cases, may help in preventing relapses and morbidity/disability. This study
highlights important diagnostic features and proposes a treatment algorithm based on clinical experience from management
of 16 patients from 2 neuroscience centres in the UK since 2007, who were followed up over a long period of 3—15 years.
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ADEM Acute disseminated encephalomyelitis FFA Fundus fluorescein angiography
AWH  Arteriolar wall hyperfluorescence H&E Haematoxylin and eosin
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BRAO  Branch retinal artery occlusions IVIg Intravenous immunoglobulin
CMV  Cytomegalovirus IVMP  Intravenous methylprednisolone
CNS Central nervous system MRI Magnetic resonance imaging
CSF Cerebrospinal fluid MS Multiple sclerosis
OCT Optical coherence tomography
PCR Polymerase chain reaction
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Introduction
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NHS Foundation Trust, Birmingham B15 2TH, UK Susac Syndrome is a likely autoimmune condition consisting
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NHS Trust, Nottingham, UK (BRAO) and sensorineural hearing loss, first described in
3 Institute of Applied Health Research, College of Dental 1979 by Susac et al. [1]. Since then, 450 cases have been
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[2]. It is due to a microangiopathy affecting the precapillary
arterioles of the brain, retina, and inner ear (cochlea and
semicircular canals). The various components of the triad
may present sequentially and often incompletely, leading
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to a delay in the diagnosis. Current understanding of this
condition has been enhanced over recent years with more
cases appearing in the literature and attempts to rationalise
treatment strategies. Here we present an update based on
our experience of managing patients, with an aim to shed
further insight into the differences, challenges and vigilance
required in the diagnosis and management.

Methods

This study was a retrospective analysis of 16 patients diag-
nosed and managed across 2 tertiary level hospitals in the
UK. All patients have been on regular follow-up since the
time of diagnosis. Data was acquired from the institutional
medical records.

The study was approved as a retrospective audit not
requiring participant consent at the respective institutions
(University Hospitals Birmingham Clinical Audit Registra-
tion and Management System, CARMS 13111, 08 Novem-
ber 2016 and CARMS 13667, 16 August 2017 and Notting-
ham University Hospitals, audit approval number 19-321Ca,
completed on 9 December 2019).

Results
Demographics

Mean age of our patients was 35.6 years (SD=10.1) ranging
between 18 and 60 years. The female:male ratio was 3:1.
Given the extreme rarity of diagnosis, we have consciously
given the age at presentation in decades to avoid any inad-
vertent un-blinding of patients.

Presenting complaints and investigations

Clinical and laboratory features are summarised in Tables 1
and 2. 75% of patients presented to the hospital with a
subacute onset of headache and focal neurological deficits.
More than half of the patients had either hearing or visual
symptoms at onset. The complete clinical triad of symptoms
involving the brain, eye and inner ear was seen only in 4
patients at presentation. Six more patients were found to
have auditory or visual involvement either over time or after
specialist investigations. 50% (8/16) of our patients fulfilled
the definite and 43.75% (7/16) the probable diagnostic cri-
teria [3] of Susac syndrome. Time from the onset of clinical
symptoms to diagnosis ranged from 2 weeks to 10 months.
A history of travel prior to onset of symptoms was present
in a quarter of patients and a background history of mental
health problems was noted in less than a third of patients.

@ Springer

Encephalopathy was the most common central nervous
system (CNS) manifestation after headache, seen at some
point during the illness, although only 6/16 (37.5%) patients
had it at onset. The ophthalmologic involvement was clini-
cally silent and subtle on dilated retinal examination in some
patients, in whom fundus fluorescein angiography (FFA) and
optical coherence tomography (OCT) aided the diagnosis.

Callosal and/or peri-callosal lesions on brain MRI were
seen in all patients (Fig. 1). Only 1/14 patient had CSF leu-
kocytosis (26 lymphocytes) and 12/14 patients had raised
CSF protein. Oligo-clonal bands were absent in all 13
patients who were tested for it.

Histological findings

One of our patients (patient 1) underwent stereotactic brain
biopsy whilst another patient (patient 4) had an autopsy,
both of which showed multiple microinfarcts involving
grey/white matter, deep grey nuclei, brain stem and corpus
callosum with endothelial cell necrosis and perivascular
lymphocytic infiltration(Fig. 2A, B). C4d immunostaining
showed complement deposition in the capillaries and ven-
ules in 30% of the vessels, suggesting humoral mediated
microangiopathy. Patient 4 presented with encephalopathy
and cognitive impairment with a compatible MRI but had
no accompanying retinal or vestibulo-cochlear symptoms.
Histology showed evidence of micro-infarcts and histo-
pathological evidence of microangiopathy in the brain on
postmortem study.

Treatment

The various treatments used for our patients are demon-
strated in Table 1. Of the 15/16 patients who were treated
with steroids, 10 received Intravenous Methylprednisolone
(IVMP) at presentation, and 3 others at some point during
the course of illness. 2/16 patients received oral steroids at
presentation. Intravenous immunoglobulin (IVIg) was more
frequently used in relapsing disease course.

Not all patients were given long-term immunosuppres-
sion. All except 2 patients who had encephalopathy had a
protracted course despite early treatment with IVMP. The
relapses stopped after regular immunosuppression either
with regular IVIG as in patient 1, or prolonged course of
steroid-sparing agents (Patients 2, 3, 5, 6). Patients had fewer
relapses on Cyclophosphamide and Mycophenolate mofetil
as compared to Azathioprine. Interestingly, all patients
who had Aspirin or Clopidogrel had a monophasic course
(Table 1). Our experience allowed serial monitoring of some
patients for over a decade (for up to 15 years) and despite
best immunotherapy, several (>50%) patients developed
brain atrophy and cognitive impairment, very similar to what
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Table2 Summary of clinical features of sixteen patients with Susac
syndrome

History of travel prior to onset of symptoms 4/16 25%
Presenting complaints
Headache 12/16 75%
Eye symptoms 8/16 50%
Ear symptoms 9/16 56.25%
Confusion/forgetfulness 6/16 37.5%
Encephalopathy (at any stage) 11/16 68.75%
Psychiatric comorbidities 5/16 31.25%
CSF—raised protein 12/14 85.7%%
MRI
Callosal lesions 16/16 100.0%
Pericallosal lesions 14/16 87.5%
Infratentorial lesions 9/16 56.25%
Enhancement 6/16 37.5%
DWI 6/16 37.5%
Hearing loss (at any stage) 12/16 75%
Audiometry abnormalities (at any stage) 11/14 78.6%
Objective evidence of retinal ischaemia, arterial 11/16 68.75%
occlusions on FFA/Fundus (at any stage)
Monophasic course 11/16 68.75%

is often seen in other autoimmune central nervous system
diseases like multiple sclerosis (MS).

Discussion and neurological update
Epidemiology

Susac syndrome has a female preponderance with a female-
to-male ratio of 2.2:1 and a mean age of onset of 30.5 years
(£9.6 years) [3] very similar to our observations. In a review
by Dorr et al., mean age of presentation was 31.6 years with
81% falling between the ages of 16 and 40 years [4]. First
presentation between ages 9 and 72 years was reported [5].

5% of the women had symptoms during or in the post-
partum period [4]. Patient 12 in our series was 30 weeks

Fig. 1 MRI changes in Susac
syndrome MRI sequences of
showing callosal (arrows),
periventricular and thalamic
lesions in coronal FLAIR (A)
and sagittal T2W (B) images

@ Springer

pregnant at presentation. Cases have been reported from all
continents. However, in a review of all reported cases, only
25% reported ethnicity, and 81% of these were white Cau-
casians [4].

Pathophysiology

Autoimmune endotheliopathy seems to be the most likely
pathologic process. One patient in our series had a prob-
able clinical diagnosis of Susac, but had histopathological
findings compatible with the diagnosis. Brain biopsies have
shown micro-infarcts with microglial activation suggesting
a T cellcell-mediated process [6]. CD8 T cell adherence
to microvasculature (causing endothelial damage, vessel
narrowing and occlusion) leading to microinfarcts was
seen in transgenic mouse models and patients with Susac
syndrome [7]. A recent study suggested similar pathologi-
cal mechanisms between Susac, Rasmussens encephalitis
and Narcolepsy type 1 [8]. Earlier reports supported the
similarity to the pathogenesis of juvenile dermatomyositis
where a different group of tissues were involved [9].

Neuropathologic studies are limited: findings reported so
far include peri-arteriolar mononuclear infiltrate and colla-
gen deposition, thickened arteriolar wall and basement mem-
brane and microvascular fibrosis [10] [11], similar to what
we have observed (Fig. 2). Petty et al. also found similar
findings in the muscle of patients with Susac Syndrome [12].

Attempts at elucidating the pathophysiology of the condition
were first made with brain biopsy in one of Dr Susac’s original
patients, which demonstrated scarring representing a healed
angiitis [1]. Other biopsies have found similar findings [13].

Preceding history of travel, insect bite, infection and
serum Epstein—Barr virus (EBV)/cytomegalovirus (CMV)
positivity in a few of our cases are pointers towards possible
infectious triggers. Although not proven, the possibility of
an infectious trigger has been proposed [14]. Petty et al.,
reported that 50% of patients in their study were CMV posi-
tive [12]. Four patients had low serum folate levels—the sig-
nificance of this finding remains unestablished.
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Fig. 2 Pathological changes in
Susac syndrome—brain histol-
ogy showing multiple microin-
farcts (arrows) in cerebral cor-
tex (A, H&E x 40) with higher
magnification (H&E, X 100)
showing micro angiopathy with
thickening of wall of arteriolar
wall and sparse perivascular
lymphocytic infiltrate (arrow)
(B). H&E haematoxylin and
eosin staining

Clinical features and diagnosis

All features may not be present at the initial presentation
making the diagnosis challenging [3, 7, 9]. Clinical triad
was fulfilled only in 13% patients at initial presentation
and 80% of patients eventually, as reported in a review [4].
Although we had a higher percentage fulfilling the diagnos-
tic criteria at onset, a lesser number of patients completed
the triad on follow-up (Tables 1 and 2). Patients may pre-
sent to ENT specialists and ophthalmologists at onset [15],
who may not always be familiar with Susac Syndrome. The
literature reports frequent misdiagnoses, often related to a
lack of knowledge of this condition, both by physicians and
radiologists, attributing MRI findings to multiple sclerosis
or ADEM [16, 17].

Mean time to diagnosis was 3 months in our series,
whereas it was 3 weeks in a case series of 7 patients [14]
and up to 3 months in another study [15]. Diagnostic delay
depends on the organs involved. A recent study reported a
mean time to diagnosis of 3 months when the diagnostic
criteria were met, 10 months with brain and retina involve-
ment, 3 months with brain and inner ear involvement and
2.5 months with brain involvement alone [15].

Clinical features seen outside of the diagnostic clinical
triad include skin manifestations like livedo reticularis and
confusion [18], emotional disturbances, personality changes
and psychiatric symptoms [19]. Studies are needed to evalu-
ate the relevance of history of travel prior to onset of symp-
toms (Table 2) and a background history of mental health
problems as seen 6/16 patients in our series (Table 1).

Brain symptoms

Encephalopathy and migraine-like headaches are the most
common brain manifestations of Susac syndrome. However,
encephalopathy may not always be present especially at dis-
ease onset [4, 7]. Presence of encephalopathy may mask
the other symptoms involving the eye and ear (as seen in
patient 7) and therefore a targeted search for their involve-
ment is warranted in patients presenting with subacute onset

of migraine-like headache and encephalopathy, especially in
the presence of corpus callosal lesions.

CNS symptoms were the most common first clinical mani-
festation followed by an equal proportion of eye or ear symp-
toms. Migraine-like headaches may be present at onset in up to
80% of patients [4], quite similar to our cohort. Headaches have
been associated with the imaging finding of leptomeningeal
enhancement, suggesting meningeal inflammation as one of
the possible causes for headache [20].

Neuropsychiatric presentations have also been
observed, including behavioural changes and dementia
[20] [21]. A background of mental health problems may
therefore make diagnosis challenging especially in patients
with a predominant encephalopathic onset.

Ear symptoms

Hearing loss may be the only presenting feature of Susac
syndrome and it may be sudden or insidious in onset [5].
We found 9/16 of our patients who had hearing loss at onset.
Sensorineural hearing loss, vertigo and tinnitus is most
likely related to vestibulo-cochlear damage, and reports have
mainly found audiometry deficits in the low to medium fre-
quency ranges, averaging ~40 dB [22], as also seen in our
series. Hearing loss tends to be progressive and bilateral, but
asymmetric and higher frequency involvement may be due
to involvement of larger aspects of the cochlea, suggesting
more aggressive disease [23].

Visual symptoms

Retinal involvement may manifest clinically (visual loss,
change in visual fields, scintillating scotoma, etc.) or be
subacute and asymptomatic [23, 24]. The diagnoses in
patients 5 and 6 were confirmed with the aid of special-
ist ophthalmology input. Only half of our cohort reported
visual symptoms. A possible explanation could be the fact
that retinal involvement is often peripheral and patients pre-
senting with encephalopathy may not be able to accurately
report visual symptoms. We would therefore recommend all
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patients with suspected Susac Syndrome to be screened by a
senior ophthalmologist. The hallmark of the ophthalmologi-
cal findings in Susac are FFA findings of BRAO as well as
vessel wall hyper-fluorescence [4]. Endothelial damage may
lead to extravasation of lipids and blood leading to formation
of atheromatous plaques or Gass plaques. These, unlike true
emboli (Hollenhorst plaques) which typically centre on the
arterial bifurcation, are usually in the mid-arteriole [25].
The Gass Plaques are refractile and are best seen on clinical
examination or fundus photography [23].

Two of our patients had arteriolar wall hyper-fluorescence
as the only finding which would be clinically undetectable
without FFA. This arteriolar wall hyper-fluorescence can be
seen at the site of infarction but also at the site of vessel wall
damage where infarction has not yet occurred [26]. Therefore,
in those with encephalopathy and auditory findings suggestive
of Susac Syndrome, without obvious retinal findings, FFA is
essential to detect the early disease. This, however, might be
difficult in an uncooperative encephalopathic patient.

FFA, like most other procedures is not without clinical
risk [27]. However, the benefit of FFA is the early detection
of retinal changes which will aid accurate and early clinical
management, preventing visual loss, long-term disability
and possibly long-term relapse.

OCT in acute stages may cause thickening of the reti-
nal nerve fibre layer reflecting oedema from BRAOs. This
may later resolve leading to focal thinning of the retinal
nerve fibre and abnormal foveal contour. The findings dif-
fer from MS where a more diffuse involvement is seen
(affecting the temporal nerve fibre layer and with normal
foveal contour) [7].

Advanced ocular imaging modalities such as wide-field
imaging, which as the name suggests, captures a wider
retinal field, are useful for long-term retinal monitoring
[28]. FFA may need to be repeated if no retinal abnor-
malities are detected because of the temporal disparity
of the clinical symptoms and signs seen with the Susac
triad and also because BRAO may recur over the course
of illness [5]. OCT angiography for the screening of Susac
Syndrome remains a research tool, due to the limited field
of view [29].

Retinal micro-aneurysm is a new ocular finding in
Susac syndrome which suggests ischaemic damage to the
retina [30]. Two of our patients had cotton wool spots on
fundus examination, which may also suggest the same
pathology [3].

Radiology

Rennebohm et al. have suggested that the microinfarcts or
“snowball” (larger lesions) appearance of the mid-corpus
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callosum and/or the “string of pearls” (micro-infarcts
of the internal capsule) is perhaps sufficient to diagnose
Susac Syndrome without evidence of hearing impairment
or BRAOs [9, 31]. Although callosal lesions are included
in the diagnostic criteria [3], they are not always present
[32]; they are typically seen in the central fibres and sple-
nium without involving the undersurface unlike MS [33].
The callosal roof is often involved giving an ‘icicle’ look
to the lesions [7]. Callosal lesions are usually small and as
a consequence of occlusion of the small (less than 100 um)
precapillary arterioles [33]. The periventricular white mat-
ter as well as the deep grey matter is also affected [7]; the
deep grey matter can be involved in up to 70% of cases [5].

Leptomeningeal involvement can be seen in up to 33%
[5] (Fig. 1). The correlation to headache however could
not be established in our series. A plausible explanation
is the variable course of the condition. Moreover, the lack
of sensitivity of post-contrast T1-weighted images as com-
pared to post-contrast fluid-attenuated inversion recovery
(FLAIR) sequences may provide a reasonable explanation
[34]. Spinal involvement has rarely been reported in Susac
Syndrome [35, 36]. Small vessel or perivascular enhance-
ment on high-resolution intracranial vessel wall MRI has
been reported in Susac syndrome [37]. Degradation of
fibres in the genu of corpus callosum, using Diffusion Ten-
sor Imaging (DTI), is thought to be specific for Susac syn-
drome [38] and can potentially be a future diagnostic tool.

Differential diagnosis

The prodrome of migraines, subacute onset and charac-
teristic MRI lesions in the brain help differentiate Susac
syndrome from remitting relapsing MS. The absence of
oligo-clonal bands may be a useful marker to differen-
tiate it from MS [4]. A common differential diagnosis
at presentation is acute demyelinating encephalomyeli-
tis (ADEM) and the presence of micro-infarcts (restric-
tion on diffusion weighted imaging) may be beneficial
in pointing towards a diagnosis of Susac syndrome in
patients who do not meet the full diagnostic criteria. As
Susac syndrome is a vasculopathy with clinical features
similar to primary CNS vasculitis, it can often be mis-
diagnosed as the latter. MRI/CT angiogram and formal
cerebral angiography can be beneficial in such patients.

Clinical course

Clinical course was described as monophasic (fluctuating
disease lasting less than 2 years), polyphasic or chronic
continuous by Renneboum et al. [5], and in the 114
patients stratified in this manner 54% had monophasic,
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42% had polyphasic and 4% had chronic continuous
course [4].

A previous study suggested that clinical course may
be self-limiting in those who develop encephalopathy
within the first two years. MRI and FFA findings do not
seem to be helpful in predicting the course of the ill-
ness [5]. There was no correlation between encephalopa-
thy at onset and monophasic course in our series. In our
experience, in terms of prognosis, those who had asymp-
tomatic retinal findings of either arteriolar wall hyper-
fluorescence or branch artery occlusions, tended to have
a monophasic illness, which may indicate that early treat-
ment has the potential to change the course of the disease
by inducing remission. Conversely, those who reported
photopsia symptoms, had a relapsing illness, which may
indicate that these symptoms confer a worse prognosis.
From our experience, in terms of prognosis, those who
had asymptomatic retinal findings of either arteriolar
wall hyper-fluorescence or branch artery occlusions and
received appropriate immuno-suppression tended to have
a monophasic illness.

Remissions have been noted spontaneously, [16]
although patients can have a variable course and some-
times recurrence may occur after prolonged stability for
several years [39].

A previous study found that most patients had a good
recovery and brain atrophy seen on MRI may not always
correlate with cognitive decline [40].

Treatment

Randomised trials and prospective studies are lacking.
Hence, all recommendations are from case series and expert
opinions. Variable response to immunosuppressive treatment
has been previously reported [5].

Most patients will require immunomodulation either in
the form of steroids, IVIg + steroid-sparing drugs. Only one
patient from our cohort did not receive immunomodulation.

Moderate to severe encephalopathic patients may need
more aggressive treatment (RTX or CYC) in comparison
to those with only ear and/or eye involvement (MMF with
or without MTX for 2 years after the relapse resolved). [9]
Relapses have been reported during steroid taper and seem
to improve with escalating the steroid dose [5].

A variety of treatment approaches have been tried to our
patients (Table 1 and 2). The difference in therapeutic strate-
gies reflects the variable response seen in this patient group
and the variation to the severity of the disease. Other patients
in the literature were treated in a similar fashion [3, 41]. Fre-
quent Intravenous immunoglobulin (IVIg) may be of benefit
in relapsing disease course.

We recommend early and aggressive therapy to prevent
relapses because of the unpredictable course of the disease,

and the potentially devastating neurological sequelae. There
is limited experience of monoclonal antibody therapies for
Susac, but some patients demonstrated remarkable improve-
ment following their use [42]. The use of Rituximab in our
series (patients 6, 7) was associated with a relatively good
clinical response. There was complete return of visual acu-
ity following treatment and patients remained relapse-free
for a period of 4 years and 15 months, respectively. More
studies on anti-endothelial cell antibodies may help justify
treatment with B cell-targeted therapies [43]. Natalizumab
in one report led to worsening symptoms [44], whereas off-
label use in another study on 4 patients proved promising;
however, the disease relapsed in 2/4 patients in the study
when it was discontinued [45]. Infliximab may potentially
be useful in refractory cases of Susac Syndrome [6].

We have changed our practice to include Aspirin in all
new diagnoses over the last few years. Although anti-plate-
lets were not officially included in the proposed treatment
guidelines [9], they are commonly used in clinic practice
[3, 46]. Their anti-inflammatory and antiplatelet properties
may have a role to play. Longer-term prospective studies are
needed to confirm or refute this observation.

Based on our experience, we have summarised the
medical management of Susac Syndrome in Fig. 3 with the
details of medications in Table 3. A consensus guideline
for the management of Susac Syndrome has been recently
published, which is not too dissimilar to our own recommen-
dations [9]. Given the relapse potential of Susac Syndrome,
strict follow-up is paramount [47].

Organ-specific treatments (inner ear and retina)

Generally hearing impairment has been permanent with
mild improvement at follow-up despite aggressive immu-
notherapy [48]. The higher susceptibility of the inner ear for
irreversible damage due to ischaemia may account for lack
of improvement.in hearing loss with treatment [7]. There
are also previous reports of some improvement in hearing
with intra-tympanic steroids [49]. Cochlear implantation in
patients with hearing loss has been beneficial [50] as in 2
of our patients (patient 1 and 7). Retinal neovascularization
may occur as a result of recurrent ischaemia [51] and pho-
tocoagulation, vascular endothelial growth factor inhibitor
alone or together may be treatment options to prevent further
complications [7].

Conclusion
Susac Syndrome is a rare, under-recognised condition.

Diagnosis is challenging as the complete clinical triad is
not often seen at presentation, leading to misdiagnosis [3,
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Table 3 Medications used in management of Susac syndrome

Medication Dosage

Summary of usage

IV methylprednisolone (IVMP) 1000 mg/day 3-7 days

Oral prednisolone
tions

IV immunoglobulin (IVIg) 2 g/kg/day X 5 days

IV Cyclophosphamide (CYC)

Oral mycophenolate mofetil (MMF) Start at 500 mg BD and increase to 1000 mg BD

after 2—4 weeks

Oral azathioprine (AZA) 2.5 mg/kg/day

IV rituximab (RTX)

Oral aspirin (ASA) 75 mg/day

1 mg/kg/day (max 60 mg)—see titration sugges-

10-15 mg/kg X three doses (2 weeks apart)

1 g/day X two doses (2 weeks apart)

All patients should have pulsed IVMP at onset for at
least 3 days, with longer course for patients with
more severe encephalopathic onset

All patients should start oral Prednisolone at onset
after the initial dose of intravenous steroids and
maintained for at least 4 weeks, following which
this can be reduced by 5 mg every 2 weeks until
on 30 mg OD, then reduce by 5 mg every 4 weeks
until on 15 mg OD, provided there are no relapses
on dose reduction. Further tapering by 2 mg every
month until on 9 mg OD and then by 1 mg every
month and withdraw, especially if maintained on
steroid-sparing drugs. In monophasic illness the
dose can be tapered and stopped between 12 and
18 months

Our practice is to use IVIG in very severe encepha-
lopathic onset or after first relapse. Many authors
consider IVIG should be used as first line therapy
along with corticosteroids

Unless major contraindications (eg: renal or concerns
regarding ovarian failure), CYC can be used in
refractory cases c. i. We generally prefer to main-
tain patients on other immunosuppressants (AZA/
MMF etc.) in the longer term than oral cyclophos-
phamide maintenance to minimise side effects

We find that MMF is better than other steroid-spar-
ing immunosuppressants because of the faster onset
of action needed to minimise longer term side
effects. However, given the potential caution dur-
ing pregnancy, this is probably avoided in young
women when azathioprine or rituximab should be
tried (If giving CYC, the lower dose can be started
at onset with the dose increased to the maintenance
level 2 weeks after the third cycle of CYC)

This was traditionally the first steroid-sparing drug
used, although its slower onset of action and
increasing availability of Rituximab has made this
a less popular drug recently. However, this is still
the drug of choice in young women because of the
safety data in pregnancy

Rituximab is now becoming an increasingly common
drug especially if there is a relapse on any of the
above treatments. CD19 levels can be monitored,
and further doses given, if required

Although less commonly used, our experience has
revealed that this is a safe drug

7]. Although the diagnostic criteria insist on the presence
of symptoms suggesting vestibulo-cochlear impairment,
patients presenting with encephalopathy may not be able to
give a history suggestive of the same. Therefore, a detailed
auditory and/or visual examination (including FFA and
OCT) in suspected patients (e.g. migraine-like headaches,
or/and encephalopathy with corpus callosum MRI lesions) is
strongly recommended [3, 7] in order to assist in diagnosis.
In our experience, FFA remains superior in terms of arte-
rial wall hyper-fluorescence and evidence of fluorescence
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leakage distal to the wall hyper-fluorescence (Fig. 4A-D).
In those with CNS symptoms and auditory compromise, a
dilated ophthalmic examination, supported by wide-field
retinal photography and OCT imaging should be performed
[52]. Where there are CNS symptoms, no auditory compro-
mise and where no retinal clinical signs are detected, the risk
and the benefit of FFA should be discussed.

Early diagnosis and prompt treatment of patients with
Susac Syndrome can result in resolution of symptoms,
potentially curbing disease progression [3, 7]. In our
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[ Diagnosis of Susac syndrome ]

\

Clinical triad:
Encephalopathy (often with
migrainous headaches)

Low frequency hearing loss
Branch Retinal Artery Occlusion

1.

2o
28

J

o N

If clinical triad not met, should have:

1. Central callosal lesion on MRI

2. Arteriolar wall hyperfluorescence
(AWH) (away from BRAO)

Treatment of Susac syndrome ’

3%

Initial treatment:
Aspirin 75 mg/day
IV Methylprednisolone 1g/day (3-7 days) followed by
PO Prednisolone 1mg/kg (max 60mg/day) for 4 weeks

¥

[

If severe encephalopathy at onset or profound visual/hearing loss

1. IV Cyclophosphamide 10-15mg/kg—3 cycles, 2 weeks apart or
2. IVIG 2g/kg over 2-5 days
(These are given in addition to the initial treatment)

|

Maintenance treatment (see Table 2 for doses):

1

a

S

[ Monitoring of response

/Relapse is diagnosed if:
1. Worsening of encephalopathy*
2. New or enhancing lesions on MRI
28 New visual field defect

Prednisolone taper over 6-18 months
Mycophenolate mofetil (or Azathioprine)

Lz.
/ More aggressive treatment when relapses occur:

1. Regular IVIG — 2g/kg over 2 days followed by 1g/kg \

4, New AWH away from BRAO
\5. New hearing loss in opposite ear

/*the:
On-going neurocognitive and audiovisual symptoms can be sequalae of
Susac syndrome and should be cautiously diagnosed as relapse in the
absence of significant encephalopathy, imaging changes (MRl or FA) or
\audiogram documented worsening of hearing loss

every month for 3 months; then 1g/kg every 3 months
until stable

If cyclophosphamide not given at onset, pulse with CYC
Start Rituximab early — 1g x 2 doses (2 weeks apart) — if
more than one relapse or CYC not possible; repeated
every 6 months, as per response

Increase Prednisolone back to previous level (or at least
30mg, whichever is higher) for 4 weeks

5,

b Additional trial of intratympanic steroids if relapsing as
\ hearing loss (limited evidence) /

Fig.3 Proposed algorithm for managing Susac syndrome algorithm for diagnosis, treatment and monitoring of Susac Syndrome

experience, the disease severity, response to treatment
and long-term prognosis are variable amongst patients, as
previously described [3, 7, 9]. The mainstay of treatment
is early prompt immunosuppression, as inadequate treat-
ment might lead to irreversible damage [9]. On the other
hand, there are cases (like our patients 11-14) that had a
monophasic course with full recovery with steroids only.
An individualised treatment approach based on severity
at presentation [9] and response to first line immunosup-
pressive treatment is recommended based on our observa-
tions. Moreover, serial brain MRI imaging, OCT/FFA and
audiometry for comparison is crucial in decision-making
about acute and long-term immunosuppression.

Even though treatment is fundamentally by immuno-
suppression, optimal protocols and duration have not been
clearly elucidated.

The role of RTX (or other similar B cell-targeted thera-
pies) as a promising treatment in refractory patients hints
towards the need for more studies evaluating its possible

role in preventing relapses and progressive cerebral atro-
phy which may influence cognition in the long term.

The importance of starting Aspirin early-on to prevent
micro-infarcts is also worth considering. Given the rarity
of the disease, it is not surprising that randomised con-
trolled trial evidence is lacking. The approach of utilis-
ing experience of treatment from other similar conditions
is fundamental to current practice and allows anecdotal
evidence and expert opinion to guide management. Even
though the retrospective nature of the study is a limita-
tion, the highlights of our study are the large cohort of
patients with long-term follow-up. This patient group was
diverse; the youngest patient was in the late teens and
the oldest was in their 6th decade at presentation. Two
patients had successful pregnancies post diagnosis. One
patient had an aggressive disease leading to death, whereas
6 patients had a monophasic course not requiring long-
term immunosuppression.
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Fig.4 Fundal pictures in Susac
syndrome optical coherence
tomography (OCT) infrared
image of the right eye (A)
showing inferior retinal branch
involvement (black arrows); the
black arrows on the right of the
image show occlusion, whereas
on the left there is incomplete
occlusion. Fundus fluorescein
angiography (FFA), late phase
of the left eye (B) in the same
patient seen in A. There is arte-
riolar wall hyper-fluorescence
seen along with frank leakage.
FFA of the left eye (late phase,
C) shows the requirement for
peripheral views to gauge the
extent of the retinal vascular
involvement. FFA of the right
eye (D, late phase) shows supe-
rior arterial tree involvement in
the same patient
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