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Background and purpose: Susac syndrome (SuS) is an inflammatory condition of the

Methods: This is a retrospective review of the medical records of 32 adult patients from

an Australasian cohort of SuS patients.
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work tients receiving two or more diagnoses. The median time to diagnosis of SuS was 3 months

Results: An alternative diagnosis prior to SuS was made in 30 patients (94%) with seven pa-

(range 0.5-100 months). The commonest misdiagnoses were migraine in 10 patients (31%),
cerebral vasculitis in six (19%), multiple sclerosis in five (16%) and stroke in five (16%). Twenty-
two patients were treated for alternative diagnoses, 10 of whom had further clinical manifes-
tations prior to SuS diagnosis. At presentation seven patients (22%) met criteria for definite
SuS, 19 (59%) for probable SuS and six (19%) for possible SuS. Six patients (19%) presented
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INTRODUCTION

Susac syndrome is a rare autoimmune mediated brain-eye-ear (BEE)
syndrome affecting the small arterial vessels of the brain, inner ear
and retina [1-3]. It is characterized by the clinical triad of encepha-
lopathy, branch retinal artery occlusions (BRAOs) and sensorineural
hearing loss (SNHL), usually affecting low- to mid-frequencies [4,5].
The annual incidence of Susac syndrome is estimated to be in the
range 0.024-0.13 per 100,000 [6,7], with 60% of individuals aged
between 21 and 35 years at the time of diagnosis and a reported
male:female ratio of 1:3.5 [4].

The classic triad of features is present in only 13% of patients
at onset, yet over 80% of patients eventually develop all symptoms
[4]. Moreover, BEE organ involvement at onset may suggest other
disorders [8], and a lack of awareness of clinical and radiological
features and incomplete evaluation may lead to under-diagnosis,

or critical delays in diagnosis, as well as morbidity from a delay

with brain-eye-ear involvement, 14 with brain-ear (44%), six with brain-eye (19%) and six
(19%) with only brain involvement. In patients with the complete triad of symptoms the me-
dian delay to diagnosis was 3 months (range 1-9 months) compared to 5.25 months (range
0.5-100 months) for patients with encephalopathy and ocular symptoms at presentation.

Conclusions: Susac syndrome patients are frequently misdiagnosed at initial presentation, de-
spite many having symptoms or radiological features that are red flags for the diagnosis. Delayed
diagnosis can lead to patient morbidity. The varied ways in which SuS can present, and clinician

failure to consider or recognize SusS, appear to be the main factors leading to misdiagnosis.

brain-eye-ear, migraine, multiple sclerosis, retinocochleocerebral vasculopathy, Susac syndrome

in appropriate treatment [4,9-11]. Commonly reported misdiag-
noses of Susac syndrome include multiple sclerosis, Méniére's dis-
ease, acute disseminated encephalomyelitis and cerebral vasculitis
[12,13]. Whilst the median time to diagnosis for Susac syndrome
in one study was 7 months from symptom onset [14], for some pa-
tients the diagnosis can take years [4,9-11,15]. Diagnostic delays
or misdiagnosis may lead to recurrence or the development of new
clinical symptoms [14].

To improve diagnosis, formal diagnostic criteria have been devel-
oped [16,17]. The 2017 European Susac Consortium (EuSaC) diag-
nostic criteria allow a diagnosis of definite Susac syndrome if there
is evidence of all three BEE organs being affected, with probable
Susac syndrome if only two BEE organs are involved and possible
Susac syndrome if one BEE organ is affected (Table 1) [16]. Brain
involvement is defined as at least one clinical finding consistent with
encephalopathy together with characteristic magnetic resonance

imaging (MRI) features of Susac syndrome. Ocular involvement is

1. Brain involvement

(i) Symptoms and clinical

Both one or more symptoms (i) AND typical MRI findings (ii)

TABLE 1 2017 EuSaC diagnostic
criteria of Susac syndrome

New cognitive impairment and/or behavioural changes and/or

new focal neurological symptoms and/or new headache

(i) Imaging

Typical findings on cranial MRI; hyperintense, multifocal,

round small lesions, at least one of them in the corpus
callosum (‘snowball’) on T2 (or FLAIR) weighted sequences

2. Retinal involvement

One of either BRAOs or AWH on fluorescein angiography

or characteristic signs of retinal branch ischaemia in

fundoscopy or SD-OCT

Clinical findings and symptoms not required

3. Vestibulocochlear

(i) Symptoms and clinical

(ii) Examination of inner
ear function

Definite
Probable

Possible

At least one symptom or clinical feature (i) supported by
evaluations (ii)

New tinnitus and/or hearing loss and/or peripheral vertigo

Hearing loss must be supported by an audiogram; vestibular
vertigo must be supported by specific diagnostics

All three criteria met
Two of three criteria met

Only one of three criteria met

Abbreviations: AWH, arterial wall hyperfluorescence; BRAOs, branch retinal artery occlusions;
FLAIR, fluid attenuated inversion recovery; MRI, magnetic resonance imaging; SD-OCT, spectral
domain optical coherence tomography.
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defined as BRAOs or arterial wall hyperfluorescence by fundus flu-
orescein angiography (FFA) or characteristic signs of retinal branch
ischaemia in funduscopy or spectral domain optical coherence to-
mography. Vestibulocochlear involvement is defined as new tinnitus
and/or hearing loss and/or peripheral vertigo with classic findings on
an audiogram of sensorineural hearing loss [16].

Despite recognition that misdiagnosis occurs frequently, the
differential diagnoses and the determinants of diagnostic delay or
failure have not yet been studied systematically. Here the diagnostic
experience of adult patients from an Australasian Susac syndrome
cohort is retrospectively reviewed to better understand the diagno-
sis and misdiagnosis of Susac syndrome.

MATERIALS AND METHODS

Patients with definite or probable Susac syndrome according to
the EuSaC diagnostic criteria [16] were identified by investigators
in the Neuroimmunology Clinic at Concord Hospital and the Brain
and Mind Centre, University of Sydney, Australia. Medical records
were reviewed retrospectively in September 2020 for clinical, lab-
oratory, electrodiagnostic, radiological and pathological informa-
tion. The study was approved by the Sydney Local Health District
Human Research Ethics Committee with a waiver of patient consent
(HREC/16/CRGH/293).

Time to diagnosis was defined as the time from initial onset of
symptoms leading to presentation to a medical practitioner that
were attributable to Susac syndrome. Organ involvement at presen-
tation was defined as symptomatic complaints, clinical signs and/
or objective investigation findings used for the diagnosis of Susac
syndrome (MRI, audiology assessment, ophthalmic assessment). An
alternative diagnosis was defined as a diagnosis mentioned in the
clinical record by the managing practitioner prior to the diagnosis of
Susac syndrome. An initial diagnosis was defined as the first diagno-
sis mentioned in the clinical record. A ‘neuro-immunologist’ refers to
a neurologist who has undergone a neuro-immunology fellowship,
undertaken a PhD in a neuro-immunological condition or who was
working in a dedicated neuro-immunological clinic.

Categorical data were expressed as the proportion of the total
number of patients. Continuous data were calculated as mean, me-
dian, minimum and maximum. Correlations were calculated after
rank transformation using the Spearman rank method. p values

<0.05 were considered significant.

RESULTS

Thirty-two patients (17 female) with a final diagnosis of definite or
probable Susac syndrome between 2011 and 2020 were identified
(Table 2). Six patients (19%) presented with BEE involvement, 20
(63%) with two organs involved (14 brain-ear, six brain-eye) and six
(19%) with only brain involvement. Headache was the most com-
mon initial symptom occurring in 27 (84%) patients. Other common

presenting symptoms were encephalopathy in 20 patients (63%),
visual disturbance in 12 (38%), vertigo in nine (28%), hearing loss in
seven (22%), sensory disturbance in five (16%), tinnitus in four (13%)
and ataxia in three (9%) patients. One patient had weakness, and
another presented with a seizure.

All patients underwent MRI of the brain at the time of presen-
tation. At presentation six patients (19%) underwent audiological
assessment and five patients (16%) underwent ophthalmological
assessment with FFA. Ten patients (31%) had a cerebrospinal fluid
(CSF) assessment performed at initial presentation, six (19%) had an
electroencephalogram and four (13%) underwent a brain biopsy.

Ultimately, after a diagnosis of Susac syndrome was confirmed,
30 (94%) patients had undergone FFA, which was abnormal in 29
patients including BRAOs being identified in 28 patients and branch
retinal vascular abnormalities consistent with Susac syndrome in
one other patient. Thirty-one patients (97%) underwent audiology
assessment, which was abnormal in 27 patients. CSF analysis was
collected and analysed in 28 (88%) patients; the mean protein was
elevated at 1.77 g/l (range 0.26-3.68 g/l), and 14 of 28 patients
had >6 white cells (range 0-20). No patient had CSF-restricted oli-
goclonal bands. Four patients (13%) underwent a brain and menin-
geal biopsy with histopathological features consistent with Susac
syndrome.

Alternative diagnoses

Thirty patients (94%) were initially diagnosed with an alternative
diagnosis prior to Susac syndrome including seven patients (23%)
with two or more diagnoses (Table 3). The commonest misdiagnoses
were migraine in 10 patients (31%), primary cerebral vasculitis in six
patients (19%), multiple sclerosis in five patients (16%) and stroke
in five patients (16%). Viral encephalitis was presumed, or at least
considered, in four patients (13%), all of whom were commenced on
anti-viral therapy. At the time of the alternative diagnosis, seven pa-
tients (22%) met the criteria for definite Susac syndrome, 19 (56%)
for probable and six (19%) for possible Susac syndrome. Three of the
19 patients (16%) with probable Susac syndrome developed further
symptoms and subsequently would have met the criteria for definite
Susac syndrome but were misdiagnosed prior to the final diagnosis
of Susac syndrome.

At initial presentation up to 26 of the 32 patients (81%) in this
series would have met criteria for probable or definite Susac syn-
drome if complete ophthalmological and audiological assessments

were performed.

Diagnostic delay

The median time to diagnosis of Susac syndrome was 3 months
(range 0.5-38 months). Twenty-one patients (66%) were diagnosed
with Susac syndrome within 6 months of presentation and diagnosis
was delayed by over 12 months in eight patients (25%).
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TABLE 2 Patient demographics at presentation

Patients (n = 32) (%)

17 (53%)
37 years (21-61 years)

Gender (female)
Age, mean (range)

Organ involvement at presentation

Brain, ear and eye 6 (19%)
Brain and ear 14 (44%)
Brain and eye 6 (19%)
Brain only 6 (19%)
Presenting symptoms

Headache 27 (84%)
Encephalopathy 20 (63%)
Visual disturbance 12 (38%)
Vertigo 9 (28%)
Hearing loss 7 (22%)
Sensory disturbance 5(16%)
Tinnitus 4 (13%)
Ataxia 3(9%)
Seizure 1(3%)
Motor disturbance 1(3%)

Presenting symptoms and delay to diagnosis

Time to diagnosis was dependent on clinical involvement at presen-
tation and review (Figure 1). In the six patients with the complete
triad of symptoms at presentation the median delay to diagnosis was
3 months (range 1-9 months). In the six patients with encephalopa-
thy and ocular symptoms at presentation the median delay to diag-
nosis was 10 months (range 0.5-100 months). In the 14 patients with
encephalopathy and vestibulocochlear symptoms at presentation
the median delay to diagnosis was 3 months (range 1-38 months). In
the patients with only brain involvement at presentation the median
delay to diagnosis was 2.5 months (range 2-26 months).

Twenty-two (69%) patients were reviewed by a neuro-
immunologist prior to the diagnosis of Susac syndrome of whom
seven (22%) patients were first assessed by a neuro-immunologist.
The time to Susac syndrome diagnosis was shorter in patients ini-
tially assessed by a neuro-immunologist than in those first assessed
by other specialists which included general neurologists, neu-
rologists with other subspecialty interests and ophthalmologists
(2 months, range 0.5-8 vs. 3 months, range 0.75-38). Fifteen (47%)
patients were referred to a neuro-immunologist for a second opinion
prior to the diagnosis of Susac syndrome. The median time to refer-
ral and secondary review by a neuro-immunologist was 2.5 months
(range 0.5-92 months) after symptom onset and the median time
from neuro-immunology review to diagnosis of Susac syndrome was
0.5 months (range 0.5-24 months).

The time taken to make a diagnosis of Susac syndrome was simi-
lar amongst patients who presented after 2015 (15 patients, median
3 months, range 0.5-38 months) and those who presented prior to
2015 (17 patients, median 3 months, range 0.75-100 months).

Factors leading to misdiagnosis

Factors that led to a misdiagnosis included insufficient investigation
of patient symptoms or failure to screen BEE organs for asympto-
matic involvement, which contributed to misdiagnosis in 23 patients,
and radiologist or treating clinician being unaware of known diag-
nostic features such as classic MRI findings in 16 patients (50%).

All patients underwent an MRI brain with corpus callosum le-
sions specific for Susac syndrome identified on the initial scans in
25 patients (78%) (Table 4). Prior to an alternative diagnosis being
made of the 20 patients who presented with auditory symptoms,
only six (30%) patients underwent evaluation with audiogram or ves-
tibular function testing and only five (42%) of the 12 patients who
presented with visual symptoms underwent evaluation with FFA
prior to an alternative diagnosis being made, one of which was in-
correctly interpreted, leading to a 1-month delay in the diagnosis of
Susac syndrome.

Treatment

Twenty-two patients (69%) (four definite, 14 probable, four pos-
sible) received treatment for their alternative diagnosis (Table 1).
Treatment included intravenous or oral corticosteroids in 17 patients
(53%), intravenous immunoglobulin in three (9%), plasma exchange
in one (3%), migraine preventative medication in five (19%), aspirin
in five (19%), anti-viral medication in four (13%), beta-interferon im-
munotherapy for multiple sclerosis in one (3%) and surgical closure
of a patent foramen ovale in one patient (3%).

Clinical relapses or new symptoms developed prior to the diag-
nosis of Susac syndrome in 10 of the 22 patients (45%) who received
treatment for an alternative diagnosis and three patients who had
received no treatment for their alternative diagnosis. Amongst the
10 patients who received treatment, isolated visual impairment
developed in two patients, isolated central nervous system (CNS)
dysfunction in two patients, a combination of vestibulocochlear
dysfunction plus CNS dysfunction in two patients, visual and CNS
dysfunction in two patients and one patient each experienced ves-
tibulocochlear plus visual loss or CNS, visual and vestibulocochlear
manifestations. The one patient who received beta-interferon for
multiple sclerosis had new, recurrent visual dysfunction prior to the
diagnosis of Susac syndrome. All three patients who received no
treatment developed encephalopathy requiring hospitalization; one

of these patients also had new vestibulocochlear dysfunction.

Involved healthcare practitioners

Specialists other than neurologists reviewed 11 patients (34%) with
Susac syndrome before the initial diagnosis was made. Seven pa-
tients (22%) were reviewed by ophthalmologists, three patients (9%)
by audiologists, and an otolaryngologist, immunologist, rheumatolo-
gist, dermatologist and infectious disease specialist each reviewed
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FIGURE 1 Median time to the diagnosis of Susac syndrome based on symptoms at presentation

TABLE 4 Magnetic resonance imaging (MRI) abnormalities on
initial MRI brain

Abnormality Number %
Initial MRI abnormal 30 94
T2 hyperintensities 29 91
Corpus callosum involvement 25 78
Leptomeningeal enhancement 14 44
Diffusion restriction 18 56
Diffusion restriction in multiple vascular 13 41
territories
Ischaemia 2 6

one patient (3%). Patients saw a median of two healthcare specialists

(1-4) prior to their initial diagnosis.

Self-initiated search for diagnosis

Two patients performed a self-initiated search for their diagnosis
and sought out referral to specialty neuro-immunology clinics for
review of possible Susac syndrome.

DISCUSSION

This study systematically reports the diagnostic experience in Susac
syndrome, and the association between various clinical presenta-
tions and diagnostic delay. Our results indicate that a diagnostic
evaluation requiring the involvement of several healthcare profes-
sionals is associated with a substantial increase in diagnostic delay,
that patients presenting with visual symptoms or vestibulocochlear
symptoms are associated with greater diagnostic delay (Figure 1) and
that there is an under-appreciation of the specific clinical features

and imaging findings in Susac syndrome which may contribute to
diagnostic delay.

The first specialist healthcare professionals, other than general
practitioners, that Susac syndrome patients in our study typically en-
countered were neurologists, with only a minority of patients being
reviewed by other clinicians. The seven patients who were initially
reviewed by a clinician with expertise in neuro-immunology had the
shortest time to diagnosis of Susac syndrome. However, the referral
of patients directly to an expert centre is dependent on patient loca-
tion and accessibility to neuro-immunology services. Direct referral
to a neuro-immunologist was associated with a substantially shorter
diagnostic delay even if the referral diagnosis was unclear. Once
patients were reviewed by a neuro-immunologist they were more
likely to undergo complete evaluation for audiological and ophthal-
mic involvement which aided the diagnosis of Susac syndrome with
a median time to diagnosis of 0.5 months.

The differential diagnosis for Susac syndrome includes common
and rare neuro-inflammatory conditions, especially multiple scle-
rosis, genetic conditions such as adult-onset leukoencephalopathy
with axonal spheroids and pigmented glia, and miscellaneous condi-
tions including microembolic stroke and Méniere's disease (Table 5).
Our study found that migraine, cerebrovascular diseases such as ce-
rebral vasculitis, multiple sclerosis and stroke were the commonest
misdiagnoses. Our study also adds further differential diagnoses to
this list including histoplasmosis, viral encephalitis, Hashimoto's en-
cephalitis and CNS lymphoma.

The median diagnostic delay of 3 months in this series was
slightly less than that reported in a retrospective review of
cases in the literature (7 months) [4]. The shorter time to diag-
nosis in our series may be due to clinical deterioration in some
patients and referral to sub-specialist neuro-immunology clinics.
Furthermore, the ability to assess the delay in comparison to the
types of presentations is unique to our study. The diagnosis of
Susac syndrome was similar amongst patients who presented
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Neuro-immunological Genetic Infectious Other
Multiple sclerosis CADASIL Histoplasmosis Micro-embolic
infarction
ADEM MELAS CJD Cocaine-induced
encephalopathy
CNS vasculitis ALSP Viral encephalitis Migraine with aura
Cerebral SLE RVCL-S Tuberculosis Cerebral amyloid
angiopathy
Cerebral APLS Neurosyphilis Méniére's disease
Neurosarcoidosis HIV CNS lymphoma

Neuro-Behget's disease

Cogan syndrome

Autoimmune encephalitis

Marchiafava-Bignami
disease

Psychosis

TABLE 5 Differential diagnoses of
Susac syndrome

Abbreviations: ADEM, acute disseminated encephalomyelitis; ALSP, adult-onset
leukoencephalopathy with axonal spheroids and pigmented glia; APLS, antiphospholipid
syndrome; CADASIL, cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy; CJD, Creutzfeldt-Jakob disease; CNS, central nervous system; HIV,
human immunodeficiency virus; MELAS, myopathy, encephalopathy, lactate acidosis and stroke-
like episodes; RVCL-S, retinal vasculopathy with cerebral leukoencephalopathy and systemic

manifestations; SLE, systemic lupus erythematosus.

before and after 2015 indicating that recognition of Susac syn-
drome as a diagnosis has not substantially improved over the last
10 years.

The finding in this series that headache was the most common
presenting symptom occurring in 78% (25/32) is similar to other
studies which report its presence in over 60% of patients at disease
onset [4]. Headache in Susac syndrome can be indistinguishable
from migraine which explains why migraine was a common initial
diagnosis in our study and why patients with headache and visual
disturbance had a longer time to diagnosis than other presentations.
It is argued that Susac syndrome should be considered in any patient
with new onset migraine with visual symptoms and an MRI brain
showing white matter lesions involving the corpus callosum, or if as-
sociated with diffusion-weighted imaging change and/or gadolinium
enhancement. It is advocated that these patients also have an ocular
review and audiology specifically to exclude Susac syndrome or an-
other BEE syndrome.

Previous reports suggest that 40% of patients have audi-
tory and/or visual disturbance at presentation [18]. In this series
63% (20/32) had vestibulocochlear disturbance and 38% (12/32)
visual disturbance at presentation. Patients with visual distur-
bance at presentation had a longer delay in time to diagnosis than
those with vestibulocochlear presentations (5.25 vs. 3 months).
Vestibulocochlear symptoms were common at presentation yet
were only fully investigated with quantitative neuro-otology
testing at presentation in 30% of patients (6/20). SNHL in Susac
syndrome can be acute or subacute, unilateral or bilateral, si-
multaneous or sequential in nature, and typically affects low- to
mid-frequencies [19,20]. A potential diagnostic dilemma is the com-
monly encountered overlap of vestibular migraine and Ménieére's

disease, particularly in young females, which also presents with

headache, vertigo and fluctuating hearing loss [21]. It is suggested
that, in addition to MRI of the internal acoustic canals to exclude
a retrocochlear lesion in any patient who presents with headache,
vertigo and documented low- to mid-frequency asymmetric SNHL,
a full MRI of the brain should also be obtained concurrently with
a view to excluding Susac syndrome. Visual symptoms were inves-
tigated with FFA in only 42% (5/12) of patients at presentation.
Furthermore, one of the five patients who underwent FFA had the
FFA inaccurately reported at the time of presentation, leading to a
1-month delay in diagnosis.

Eventually, when patients underwent audiology testing or FFA,
the FFA was abnormal in 29 patients, including BRAOs being iden-
tified in 28 patients and microangiopathic abnormalities consistent
with Susac syndrome in one patient. Audiology assessment was ab-
normal in 27 of 31 patients. The asymptomatic or mildly symptom-
atic and non-disabling complaints of BRAOs and vestibulocochlear
abnormalities highlight the importance of a thorough initial diag-
nostic evaluation at the onset of encephalopathy with MRI features
suggestive of Susac syndrome or encephalopathy accompanied by
acute visual or auditory disturbances.

Our study also highlights the importance of accurate appreci-
ation of MRI brain findings in patients with suspected Susac syn-
drome. The importance of a radiologist identifying and reporting
lesions compatible with Susac syndrome is essential to the diagno-
sis, and accordingly failure of a radiologist to raise Susac syndrome
as a diagnostic possibility can lead to meaningful diagnostic delays.
MRI of the brain may reveal characteristic callosal lesions [22-25],
which were identified in 78% (25/32) of patients on their initial MRI.
These include ‘snowball’ lesions (Figure 2) which are rounded, hyper-
intense lesions in the central fibres between the ventricular surface
and superior aspect of the corpus callosum on T2/fluid attenuated
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FIGURE 2 Characteristic MRI findings from patients with Susac syndrome. (a) Axial fluid attenuation inversion recovery (FLAIR) sequence
shows typical punctate hyperintensities throughout the white matter (arrows). (b), (c) Axial diffusion-weighted imaging and apparent
diffusion coefficient sequence showing punctate areas of restricted diffusion (arrow) corresponding to two of the FLAIR lesions (arrows). (d)
Axial T1 post-gadolinium sequence showing partial enhancement of a corpus callosum lesion (arrow). () Axial T1 post-gadolinium sequence
showing multiple areas of punctate enhancement of the cerebellar meninges (arrows). (f) FLAIR sequence showing further punctate lesions
in the brainstem and cerebellum (arrows). (g) Sagittal FLAIR sequence showing three ‘snowball’ lesions in the corpus callosum (thick arrows)
and a thinner ‘spoke’ lesion traversing the callosum (thin arrow) with (h) an ‘icicle’ lesion arising from the roof of the callosum (arrow). (i)
Sagittal T1 sequence showing typical ‘punched out holes’ in the corpus callosum (arrows)

inversion recovery (FLAIR) sequences [22]. Callosal ‘spoke’ and ‘ici-
cle’ lesions are also commonly identified on T2/FLAIR sequences
[23,24]. ‘Punched out’ central callosal holes are seen on T1 se-
quences and differ in location and morphology from the callosal le-
sions of multiple sclerosis which tend to occur at the under-surface
of the callosum [22-25].

An important MRI differentiator from multiple sclerosis is lep-
tomeningeal enhancement which was seen in 44% of this cohort (on
post-gadolinium T1 or FLAIR sequences) but which is not seen in
multiple sclerosis. In our series, leptomeningeal enhancement was
seen in one of the three cases previously diagnosed as multiple
sclerosis. A recent study has suggested that up to 100% of patients
with Susac syndrome demonstrate leptomeningeal enhancement on
post-gadolinium FLAIR sequences [26]. Cerebrovascular inflamma-
tion and enhancement can also be seen using a ‘black blood’ MRI
sequence [27]. Acute lesions in Susac syndrome are often markedly
hyperintense on diffusion-weighted images with matched alteration
of apparent diffusion coefficient maps consistent with restricted
diffusion, whilst in comparison acute multiple sclerosis lesions only
occasionally exhibit true restricted diffusion [25]. In our series, 18
patients showed restricted diffusion on their initial MRI and in 13
of these patients the lesions crossed vascular territories. This high-
lights that Susac syndrome should always be considered in patients
with diffusion-restricted lesions in more than one vascular territory.

Cerebrospinal fluid examination was performed in 28 patients
and protein was markedly elevated at 1.77 g/I. This is in keeping
with previously reported CSF findings in Susac syndrome revealing
a mean protein of 1.6 g/l [4] and may be an important early diag-
nostic clue to Susac syndrome. The CSF findings are again different
from those found in multiple sclerosis where a cellular CSF is uncom-
mon, CSF protein is usually normal or mildly elevated and oligoclo-
nal bands are frequent; and also different from viral encephalitides
where the CSF is usually highly cellular.

Incorrect alternative diagnoses may result in treatment with
inappropriate medications including beta-interferon for multiple
sclerosis, placing patients at risk of harm from adverse effects.
Beta-interferon has previously been reported to be associated with
worsening of ocular manifestations in Susac syndrome [28,29], and
although it was not associated with abrupt clinical deterioration
our patient did re-present with visual disturbance after it was com-
menced. One patient also underwent a closure of a patent foramen
ovale during the work up to their eventual diagnosis of Susac syn-
drome due to the MRI brain appearance of multiple small ischaemic
infarcts which were thought to be due to microembolic disease.
Although no patient who received intravenous immunoglobulin or
plasma exchange suffered significant side effects from these ther-
apies they were exposed to unnecessary procedures. Brain biopsy
was performed in four patients contributing to morbidity and placing
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these patients at risk of procedure-related complications. A brain
biopsy should not be required routinely for the diagnosis of Susac
syndrome.

Our study is limited by small numbers of patients and the retro-
spective data collection which meant that it could be difficult to be
certain of the precise onset of symptoms such as headache or visual
disturbance. In addition, clinicians often consider several potential
diagnoses at once, or establish a provisional diagnosis, only coming
to a firmer conclusion later in the diagnostic process. It is therefore
possible that Susac syndrome was considered early in the diagnos-
tic process by some clinicians but not made explicit in the patient
record until other more common diagnoses had been excluded. Our
data were collected at two specialty neuro-immunology clinics with
a special interest in Susac syndrome. Nevertheless, most patients
were assessed at other centres first and so our data would appear
to be representative of real-world experience with the disease but a
selection bias toward less typical cases cannot be excluded. Notably,
our cohort had a relatively even male to female ratio which is differ-
ent from the female preponderance reported in other studies.

Recommendations from this study to improve the diagnostic ac-
curacy of Susac syndrome include (1) consideration of Susac syn-
drome in a patient presenting with a BEE symptom; (2) undertaking
an MRI brain with contrast with new onset headaches accompanied
by visual, auditory or cognitive disturbance; (3) improving recogni-
tion of the specific MRI findings suggestive of Susac syndrome in-
cluding callosal ‘snowball’ lesions, callosal ‘spoke’ and callosal ‘icicle’
lesions on T2 FLAIR, central callosal holes on T1 sequences, multi-
territorial areas of restricted diffusion in active cases and leptome-
ningeal enhancement (when present); (4) if investigations reveal
characteristic features of Susac syndrome in one BEE organ, then
other BEE organs should be tested, even if the patient is asymptom-
atic; and (5) the consideration for prompt referral to a sub-specialist
neuro-immunology clinic if there is diagnostic uncertainty.

In conclusion, most patients with Susac syndrome are not diag-
nosed correctly at their initial presentation, with the commonest
misdiagnosis being migraine. Patients are more promptly diagnosed
with Susac syndrome if they present with clinical involvement of all
three BEE organs or see a neuro-immunologist. The varied ways in
which Susac syndrome can present, and clinician failure to consider
or recognize key features of Susac syndrome, appear to be the main
factors leading to misdiagnosis.
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