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Abstract
Susac syndrome (SuS) is an orphan microangiopathic disease characterized by a triad of en-
cephalopathy, visual disturbances due to branch retinal artery occlusions, and sensorineuronal
hearing loss. Our previous systematic review on all cases of SuS reported until 2012 allowed for a
better understanding of clinical presentation and diagnostic findings. Based on these data, we
suggested diagnostic criteria in 2016 to allow early diagnosis and treatment of SuS. In view of the
accumulation of new SuS cases reported in the last 10 years and improved diagnostic tools, we
here aimed at updating the demographic and clinical features of SuS and to review the updated
ancillary tests being used for SuS diagnosis. Therefore, based on the 2016 criteria, we system-
atically collected and evaluated data on SuS published from January 2013 to March 2022.

Introduction
Susac syndrome (SuS), first described in 1979 by J. Susac,1 is a microangiopathic multiorgan
disease characterized by encephalopathy, visual disturbances due to branch retinal artery occlu-
sions (BRAOs), and sensorineuronal hearing loss (SNHL). The presence of serum anti-
endothelial antibodies in some but not all patients with SuS,2,3 and pathology findings, including
mononuclear cells in perivascular spaces, basal membrane thickening,4 and perivascular in-
flammation and narrowing,5 suggest an autoimmune etiology. The disease affects mainly women
in their 30s.6,7 Treatment is tailored according to CNS disease severity and should always include
glucocorticosteroids, often in combination with other immunomodulation or immunosuppres-
sion, including IV immunoglobulins (IVIG), cyclophosphamide, mycophenolate mofetil, and
rituximab.8,9 Relevant residua after treatment and disease recurrence are both well described.10

Although rare, SuS is a disease entity which can be readily encountered and a great mimicker of
other diseases. It may be incorrectly diagnosed as CNS infection, malignancy, and a variety of
other autoimmune diseases, such as limbic encephalitis, vasculitis, multiple sclerosis (MS),
Bechet disease, and systemic lupus erythematosus.8 Early diagnosis and treatment are crucial for
improved outcome.9

The diagnosis of SuS is in particular based on a constellation of clinical and laboratory findings. In
2016, we suggested diagnostic criteria, to allow a homogenous language among clinicians and to
facilitate early diagnosis and treatment.11 According to these criteria, patients are differentiated based
on the diagnostic security into “definite SuS,” “probable SuS,” and patients in which the diagnosis of
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SuS is not the most probable. To be diagnosed with definite SuS,
patients must meet all 3 of the following criteria: brain in-
volvement such as new cognitive impairment, behavioral changes,
new focal neurologic symptoms, or headache, in the presence of
typical MRI findings; symptomatic or asymptomatic retinal in-
volvement, including BRAO or arterial wall hyperfluorescence on
fluorescein angiography; vestibulocochlear involvement, including
tinnitus, hearing loss, or vertigo, accompanied byfindings such as a
pathologic audiogram and caloric testing. Probable SuS includes
patients fulfilling only 2 criteria out of the 3.11 It is important to
remember that SuS is a rare disease, and the clinical and MRI
findings may mimic other more common diseases such as in-
flammatory demyelinating disease (MS), cerebrovascular disease,
vasculitis, infections, and malignancy. These disorders must be
ruled out before making the diagnosis of SuS, especially when the
criteria are not fully met.

Knowledge regarding its epidemiology, pathogenesis, and
treatment is accumulating but is still based mainly on reports
of single cases or small case series.

Our previous systematic review on all cases of SuS reported
until end of 2012 allowed for better understanding of clinical
presentation and diagnostic findings.6 Considering the Kleffner
criteria, alongside the accumulation of new SuS cases reported
in the last 10 years and improved diagnostic tools, we aimed at
updating the knowledge on SuS. Therefore, we systematically
collected and evaluated data on SuS published from January
2013 to March 2022.

Methods
Search Strategy
In March 2022, a literature search was conducted in PubMed,
Embase, and Cochrane in accordance with the PRISMA guide-
lines.12 The following search terms were used: “Susac syndrome
ORSusac’s syndrome,” “SICRET,” “RED-M,” “microangiopathy
AND encephalopathy AND retinopathy,” “Kleffner criteria,”
“encephalopathy AND retinal artery occlusion,” “hearing loss
AND retinal artery occlusion” (all fields); “brain AND retina
AND cochlea,” “retina AND brain AND inner ear,” “micro-
angiopathy AND brain AND retina” (titles/abstracts); “brain
AND eye AND ear,” “retinopathy AND encephalopathy” (ti-
tles). References of included articles were hand-searched to
identify additional articles.

Five reviewers (A.W.Y., O.Z., A.T., B.P., S.G.) independently
assessed titles and abstracts according to inclusion and exclusion

criteria, followed by screening of full-text articles. Each full-text
article was assessed for eligibility by at least 2 reviewers. In case of
disagreement, a third reviewer was consulted.

Eligibility Criteria
To follow-up on our previous systematic review, articles pub-
lished between January 2013 andMarch 2022 were considered.6

Our previous review included articles published until 12/2012,
so overlap between the 2 articles is excluded. Language restric-
tions were set for English in cases that an accurate translationwas
not possible. Inclusion criteria were definite or probable di-
agnosis of SuS according to the criteria published by Kleffner
et al.11; exclusion criteria were as follows: (1) conference ab-
stracts, (2) case series in which no clear data on demographic and
ancillary tests were provided, (3) review articles or letters to
editors that did not provide new/original scientific reporting, or
(4) restricted access to full article. Whenever authors declared
that a patient had already been described in a previous publica-
tion, we excluded the respective data to avoid duplication.

Results and Discussion
Article Selection
The search yielded in total 270 articles. Excluded were 61
review articles without new relevant data, 12 letters to editors,
17 articles with no access to full-length article, not written in
English and impossibility to be translated, and 13 articles in
which the final diagnosis was not SuS. Seventeen articles were
excluded because of lack of information but were mentioned
across the article. Finally, 150 articles were included (Figure 1).
Extracted from these 150 articles, a total of 332 individual cases
were included in the analyses. Among them, 169 cases were
taken from case series, in which some of the data were pre-
sented only in averages. In 163 cases, specific features of each
patient were described.

Demographic and Clinical Data
Table 1 summarizes demographic data of our current updated
review in comparison with our previous review and a total of the
combined cohorts.6 In the newer cohort, SuS incidence was still
higher in female patients with a ratio of 1:1.8, but the female
preponderance was lower compared with our previous and other
publications.6,13 This discrepancy may point toward a raising
prevalence and/or awareness in male patients. In total of the 2
cohorts, the male:female ratio of the 2 cohorts was 1:2.4.

Similar to the previous cohort, the mean age at disease onset was
29.5 years. The mean length of follow-up was 36.2 months with a

Glossary
AECA = antiendothelial cell antibodies; AWH = arterial wall hyperfluorescence; BRAO = branch retinal artery occlusion; DA-
FA = disease activity-FA; FA = fluorescein angiography; IVIG = IV immunoglobulins;MS = multiple sclerosis;OCT = optical
coherence tomography; OCT-A = OCT-angiography; SNHL = sensorineuronal hearing loss; SuS = Susac syndrome; UWF =
ultra-widefield.
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median of 12 months. Our data suggest predominance of White
patients (57%); however, similar to the previous cohort, in-
formation on ethnicity was sparsely provided, and there may be
misrepresentation of other ethnicities because of publication bias.

Rennebohm et al.14 suggest empirical stratification of Susac
syndrome into 3 major clinical courses, namely monocyclic,
polycyclic, and chronic continuous. In our current review, these

courses were hardly reported. It could be due to the short
follow-up periods or as a result of a good treatment response.

SuS Manifestation in the Context of Pregnancy
In 13 patients (3.9%), disease manifestation was during preg-
nancy, similar to our previous review. This low incidence may
imply that pregnancy by itself is not a risk factor. Two of these
cases had clinical presentation before pregnancy. In most of the
cases, the presentation during pregnancy was mainly subacute
encephalopathy manifesting as behavioral changes. This non-
specific presentation during pregnancy may mimic other neuro-
logic conditions such as Wernicke encephalopathy secondary to
hyperemesis,15 posterior reversible encephalopathy syndrome,16

as well as psychiatric conditions. Some autoimmune diseases tend
to improve during pregnancy; female patients with dermato-
myositis have stable or improving symptoms during pregnancy
and postpartum.17 Future research is needed to evaluate whether
that is the case in pregnant patients with SuS. Treatment options
and management strategy are discussed in more details in a re-
cently published review of SuS and pregnancy.18

Prior Infection
Prior infection was reported in 17 patients (5.1%) with avail-
able data and included 2 cases of HIV infection,19,20 2 cases of
COVID-19,21,22 6 patients with respiratory tract infections,23-26

3 with CMV infection,27 and 1 with gastroenteritis.28,29 In our

Figure 1 Flowchart

Table 1 Demographic Data of Patients With Susac Syndrome

Feature

2023 review (N = 332) 2013 review (N = 304) Total

Number of cases
with available data
(% of total cases)

Number of cases
(% of available cases)

Number of cases
with available data
(% of total cases)

Number of cases
(% of available cases)

Number of cases
(% of available cases)

Sex 331 (99.7) 304 (100) 635

Male 120 (36.2) 67 (22) 187 (29.4)

Female 211 (63.7) 237 (78) 448 (70.5)

M:F ratio 1:1.8 1:3.5 1:2.4

Mean age at disease onset (y) 330 (99.4) 29.5 276 (91) 31.6 30.4

Mean length of follow-up 214 (64.5) 36.2 234 (77) 41 38.7

Median (mo) 12

Ethnicity 28 (17) 76 (25) 104

White 16 (57) 61 (81) 77 (74)

African-American 1 (3.6) 3 (4) 4 (3.8)

Asian 4 (14.3) 6 (8) 10 (9.6)

Hispanic 3 (10.7) 2 (1) 5 (4.8)

Turkish 4 (5) 4 (3.8)

African 2 (7.1) 2 (1.9)

Afro-Brazilian 1 (3.6) 1 (1)

Pregnancy 13 (3.9) 5%

Prior infection 17 (5.1) 6.2%
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previous review, prior infectionswere reported in 6.2%of available
cases. Taken together, these data do not support a clear con-
nection between infectious trigger and SuSmanifestation. Because
the diagnosis of patients with SuSmay be long after the start of the
disease, it is possible that infectious causes were missed. Further
research is needed to determine the association between the 2.

Clinical Course at Onset and During Follow-Up
Clinical presentation at disease onset was available in 311 cases
(93.6%) (Table 2). Only 111 patients (35.7%) were reported to
have the complete clinical triad at presentation. CNS symptoms
were the most common presenting feature (68.5%). Most pa-
tients reported headache at presentation, a nonspecific finding
which was previously reported and described as migraine-like
headache (Dörr et al., 2013). The diagnostic criteria of the Eu-
ropean Susac Consortium acknowledge headache as a possible
brain manifestation if it is new, migrainous, or oppressive and
precedes the other symptoms by not more than 6 months.11

Migraine-like headache as a symptomof SuS could have different
presentations in relation to the manifestation of SuS: exacerba-
tion and chronification of headache just before the onset of the
first symptoms of SuS, the manifestation of migraine-like head-
ache during the first SuS episode, and an increasing frequency of
headache during the course of the disease.30

Ocular and neuro-otological involvement were reported in
190 (61.1%) and 161 (51.8%) of cases, respectively. These
numbers represent a numerical increase compared with our
previous data,6 which is probably because of increased
awareness and the use of ancillary tests. It is now becoming
obvious that the diagnosis of SuS should not be solely on the
basis of the complete triad, and a targeted search for sub-
clinical involvement using diagnostic imaging, fluorescein
angiography (FA), and audiometry is needed.

During disease with a mean follow-up of 36 months, the com-
plete triad was documented in 60% of cases with available data.

The remaining 40% of cases were interpreted as incomplete SuS,
had an incomplete diagnostic workup, or were not sufficiently
described. Neurologic (91%), ophthalmologic (84%), and
neuro-otological (67%) manifestations occurred at similar pro-
portions in most cases during disease. Neuro-otological in-
volvement remains the least reportedmanifestation (67%). CNS
manifestations are described in Table 3. The most common
CNS symptoms were neuropsychiatric and included cognitive
impairment, confusion, and emotional and behavioral distur-
bances as previously reported.6 In the 2 cohorts together, 49% of
patients with SuS suffered from confusion and 49% from cog-
nitive impairment. These features are difficult to define and are
not uniform from one case report to the other. Because they are
nonspecific, caution should be taken in patients in which the
presentation is mainly neuropsychiatric, and an extensive ob-
jective evaluation including the search for asymptomatic eye
involvement can be crucial for the diagnosis. Only 6% of patients
with SuS had ocular symptoms, which emphasized that ocular
involvement can often be subclinical. Tinnitus was reported in
32% in total, and vertigo were reported in 22% in our current
cohort. Vertigowas not described in our previous review, and it is
now emerging as an important symptom. While a proportion of
these patients may have vertigo because of brainstem or cere-
bellar involvement, in others, it may reflect peripheral vestibular
pathology. Detailed study of vestibular involvement in SuS is
lacking although the diagnostic criteria require an abnormal
testing. In a recent publication on the neuro-otology of SuS,
caloric testing and vestibular-evoked myogenic potentials
(VEMP) were pathologic in 3 patients with SuS, demonstrating
horizontal semicircular canal dysfunction in one and utricular
dysfunction and saccular deficits in others.31

Diagnostic Procedures

Cerebrospinal Fluid Analysis
CSF analysis was available in 174 patients with SuS (52.4%)
(Table 4). Themost commonCSF finding was an elevation of

Table 2 Clinical Presentation at Disease Onset and During Follow-Up

Symptoms

Manifestation at onset
Manifestation during disease
course

2023 review (N = 332) 2013 review (N = 304)
2023 review
(N = 332)

2013 review
(N = 304)

Number of cases
with available data
(% of total cases)

Reported cases
(% of available
cases)

Number of cases
with available data
(% of total cases)

Reported cases
(% of available
cases)

Reported cases
(% of available
cases)

Reported cases
(% of available
cases)

Complete triada 311 (93.6) 111 (35.7) 247 (81) 31 (13) 187 (60) 252 (85)

CNS involvement 311 (93.6) 213 (68.5) 247 (81) 165 (67) 285 (91) 274 (91)

Ocular involvement 311 (93.6) 190 (61.1) 248 (82) 99 (40) 262 (84) 293 (97)

Neuro-otological
involvement

311 (93.6) 161 (51.8) 248 (82) 91 (37) 285 (67) 288 (96)

Headache 311 (93.6) 165 (53%) 182 (60) 141 (78) Not available 171 (87)

a Concomitant clinical involvement of CNS (excluding asymptomatic MRI abnormalities), eye (including asymptomatic branch retinal artery occlusion), and
neuro-otological.
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total protein in 150 patients (86.2%) similar to the 2013
article (84%), with a mean total protein level of 1.8 ± 3.2 (g/
L). Pleocytosis (≥5 cells/μL) was reported in 68 patients
(39.1%), with a mean CSF cell count of 11.9 ± 16 (cells/μL).
Oligoclonal bands (OCBs) were reported in only 9 patients
(11.7%) and IgG index elevation in 4 (8.9%) more patients.
Together these numbers are similar to our previous review;
therefore, the presence of OCB by itself does not exclude the
diagnosis of Susac syndrome.

MRI Findings
Cranial MRI was available in 313 patients with SuS (96.9%).
Figure 2 presents specific lesion locations and MRI sequences
performed in the current cohort compared with the 2013 data.
Most reported cases (n = 265 (84.7%) had the typical in-
volvement of the corpus callosum. Other often involved brain
regions included the periventricular area in 98 (31.3%), the
subcortex in 86 (27.5%), and the internal capsule in 26 pa-
tients with SuS (8.3%). Lesions in the basal ganglia and
thalamus were reported in 46 (14.7%) and 19 (6.1%) of cases,
respectively. These numbers are lower compared with the
2013 article what can be due to lack of information regarding
specific areas in our current review. Infratentorial brain lesions
were less frequently reported. Cerebellar manifestation was
the most common infratentorial finding in 58 (17.6%). Le-
sions in the middle cerebellar peduncle (n = 20 (6.4%) and in
the brainstem (n = 28 (8.9%) were rather rare. Diffusion-
restricted lesions were more common than gadolinium-
enhancing lesions (n = 87 (27.8%) vs n = 59 (18.8%)). Data
on diffusion-weighted MRI were not available in the 2013

article, and it is now emerging as an important MRI sequence
in the diagnosis and follow-up of patients with SuS. Cauda
equina involvement was reported in 2 patients with SuS.32,33

Leptomeningeal enhancement (LME) is considered a sup-
portive diagnostic finding by the current diagnostic criteria.11

LME was observed in 45 patients with SuS (14.4%). In a ret-
rospective study of 25 definite patients with SuS, LME was
always observed and easily visible on postcontrast FLAIR im-
ages and was highly indicative of SuS.34 LME indicates active
disease and is proportional to disease severity. It preferentially
and uniquely involves the posterior fossa.35 It should be noted
that LME can be detected in other inflammatory diseases such
as myelin oligodendrocyte glycoprotein antibody-associated
disease (MOGAD).36 Unfortunately, postcontrast FLAIR se-
quences are usually off-routine, and therefore, data on LME are
sparse. Vessel wall imaging is an emerging imagingmodality for
demonstrating vasculitis. Black-blood protocols suppress blood
flow signal, which can aid demonstration of vessel wall in-
flammation. Specific patterns of perivascular enhancement
supporting small vessel vasculopathy have been recognized in
SuS.37 However, this particular enhancement pattern was
reported only in 2 of our reviewed cases.

Ocular Diagnostic Procedures
FA was available in 250 cases (75.3%) and revealed BRAO in
219 patients with SuS (87.6%). In our previous review, BRAO
was demonstrated in 99% of patients with SuS. In the new
cohort, BRAO was bilateral in 56 (34.4%), unilateral in 32
(12.8%), and without reported lateralization in 84 patients

Table 3 Clinical Manifestations of Susac Syndrome

Manifestation

2023 Review
Reported cases
Number of cases
(% of available cases) N = 237

2013 Review
Reported cases
Number of cases
(% of available cases) N = 304

Total
Reported cases
Number of cases
(% of available cases) N = 541

CNS

Confusion 145 (61) 119 (39) 265 (49)

Cognitive impairment 122 (51) 146 (48) 268 (49)

Ataxia 91 (38) 77 (25) 168 (31)

Emotional/behavioral disturbances 72 (30) 48 (16) 120 (22)

Pyramidal signs 61 (26) 63 (21) 124 (23)

Reduction of vigilance 56 (24) 26 (9) 82 (15)

Sensory disturbance 50 (21) 73 (24) 123 (23)

Aphasia/dysarthria 40 (17) 40 (13) 80 (15)

Psychosis 10 (4) 29 (10) 39 (7)

Oculomotor dysfunction 5 (2) 29 (10) 34 (6)

Neuro-otological

Tinnitus 88 (37) 88 (29) 176 (32)

Vertigo 53 (22)
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(33.6%). BRAO was not found only in 17 patients with SuS
(5%) (Table 4). Arterial wall hyperfluorescence (AWH) was
reported in 88 (72.1%), andGass plaques on funduscopy were
reported in 21 patients with SuS (11.2%). Optical coherence
tomography (OCT) was performed in 68 patients with SuS
(21.7%) and demonstrated ischemia in 46 (67.6%). OCT data
were not available in our previous review.

OCT-angiography (OCT-A) assesses retinal microcirculation
and perfusion with possibly greater sensitivity than FA.38

OCT-A in SuS characteristically demonstrates low-flow areas

that represent decreased retinal capillary density and perfu-
sion due to occluded arterioles. It can also detect reperfusion
in these areas, supporting its use during follow-up. Because it
is a relatively new method, data were reported in only 49
patients with SuS (15.6%) and demonstrated ischemia in 22
patients (44.9%). In a recently published article evaluating the
utility of OCT-A in 9 patients with chronic SuS, it was shown
that skeleton and inner ring vessel density were significantly
lower in patients with SuS, while eccentricity and axis ratio
were significantly higher. SuS eyes (affected and unaffected)
had poorer outcomes of the remaining vascular parameters

Table 4 Diagnostic Tests of Patients With Susac Syndrome

Feature

2023 review (N = 332) 2013 review (N = 304)

Number of cases
with data

Description
(% of cases)

Number of cases
with data

Description
(% of cases)

CSF analysis

Pleocytosis 174 68 (39.1) 209 93 (45)

Elevated total protein 174 150 (86.2) 207 173 (84)

Positive OCB 77 9 (11.7) 129 5 (4)

IgG index elevation 45 4 (8.9) 86 13 (15)

Branch retinal artery occlusions on retinal fluorescein angiography 250 219 (87.6) 219 217 (99)

Unilateral 32 (12.8)

Bilateral 86 (34.4)

Unknown 84 (33.6)

Arterial wall hyperfluorescence on retinal fluorescein angiography 122 88 (72.1) 83 80 (96)

Unilateral 10 (8.2)

Bilateral 16 (13.1)

Unknown 59 (48.4)

Gass plaques on funduscopy 187 21 (11.2)

Retinal ischemia on OCT 68 46 (67.6)

Retinal ischemia on OCT-A 49 22 (44.9)

Sensory-neuronal hearing loss 259 213

Unilateral 45 (17.4) 57 (27)

Bilateral 90 (34.7) 147 (69)

Unknown 100 (38.6)

Sensory-neuronal hearing loss type 114

Low frequency 85 (74.6)

Medium-high frequency 8 (7)

Pan frequency 21 (18.4)

Functional testing

Abnormal auditory-evoked potentials 59 8 (13.6)

Abnormal vestibular tests 53 10 (18.9)

Abbreviations: OCT, optical coherence tomography; OCT-A, optical coherence tomography angiography.

6 Neurology: Neuroimmunology & Neuroinflammation | Volume 11, Number 3 | May 2024 Neurology.org/NN

http://neurology.org/nn


compared with controls. OCT-A identified chronic micro-
vascular changes in the eyes of patients with chronic SuS.
Although further research is needed, this noninvasive imaging
modality seems to have the potential to serve as a valuable
additive diagnostic tool with high sensitivity in diagnosing
reduced perfusion for the acute phase and follow-up in pa-
tients with SuS.39

Ultra-widefield (UWF) imaging allows panoramic inspection for
ischemic changes in the outermost parts of the retina which are
typically involved in SuS. It thus has the potential to increase
diagnostic certainty and follow-up accuracy in SuS. UWF can be
applied in various modalities, including FA and OCTA.40

Disease activity-FA (DA-FA) score, as a comprehensive disease
activity parameter in SuS, has a potential to facilitate optimal
communication between subspecialties and thereby treatment
success.41 In 7 patients with SuS, with a median age of 36 years,
serial UWF-FA studies were performed, with adjunctive
widefield OCT-A in 5 patients. In all 7 patients, BRAO and
AWHwere present in UWF-FA and calculated as a quantitative
score of disease activity in fluorescein angiography during
follow-up visits. Treatment responsewas evaluated in follow-up
imaging as partial reperfusion of retinal vessels, resolution of
AWH, and consequently in reduction of DA-FA score. Overall,
quantitative assessment of disease activity in SuS in form of
DA-FA score allows for a comprehensive disease activity figure.
Interdisciplinary comprehensibility of findings is of uttermost
importance in the management of patients with SuS: Several

clinics and physicians of various subspecialties are required to
communicate patient status, treatment plans, and their re-
sponse or nonresponse to a proposed treatment.

Vestibulocochlear Diagnostic Procedures
Audiometry was reported in 259 patients with SuS (82.7%),
and SNHL was demonstrated at 235 (90%), similar to our
previously review (Table 4). Lateralization was reported in 135
patients and was bilateral in 34.7%. In 85 (74.6%), hearing loss
involved low-middle frequencies, as previously reported, and in
8 (7%) patients medium-high frequencies. It should be noted
that high-frequency SNHL is rare but does not exclude SuS.
Pathologic auditory-evoked potentials were demonstrated in
8/59 patients with SuS (13.6%). Vestibular functional testing
was performed in 53 patients with SuS (16%) with pathologic
findings in 10 (18.9%). According to one article,31 1 of 4 def-
inite patients with SuS had a pathologic video head impulse test
(vHIT), and 2 patients had abnormal VEMP that resolved.
Owing to the currently sparse use of these methods, we cannot
evaluate their utility in the context of SuS. However, it is im-
portant to consider these tests when evaluating a patient with
suspected SuS that cannot perform audiometry because of
concurrent encephalopathy or other reasons.

Other Procedures
Antiendothelial cell antibodies (AECA), also hypothesized to
be of pathophysiologic relevance in SuS, were detected in 1
patient22 from 3 patients with SuS who were tested.42,43 In the
2013 article, AECA were found in 11 patients. Based on these

Figure 2 Location of Brain Lesions in Patients With Susac Syndrome

Graph shows percentage of Susac syndrome cases with lesions at each brain location in 2023 review compared with 2013, as observed on different MRI
sequences. Percentages are based on data from313 (96.9% of all cases) and 204 (64%of all cases) patients fromwhom imaging datawas available in the 2013
and 2023 cohorts, respectively. Corp. call. = corpus callosum; DWI = diffusion-weighted imaging; Gd = gadolinium; Int. caps. = internal capsule; LME =
leptomeningeal enhancement; Mid. cereb. = ped middle cerebellar peduncle; PV = periventricular.
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findings, broad screening for autoantibodies in patients with
suspected SuS is not a common procedure. These findings are
in line with recent work demonstrating that CD8+ T-cell–
mediated endotheliopathy seem to be a key player in the
disease pathophysiology of SuS.44

Brain biopsy was reported in 17 patients with SuS (5%). It was
normal in 2 reported cases27,33 and inconclusive in 2 more
cases.41 A few pathologic findings demonstrated immune
endotheliopathy,25,45,46 perivenular demyelination, and a
diffuse pial infiltrate dominated by CD8 T lymphocytes and
macrophages with microinfarctions in the territory of the
small vessels.47 In an electron microscopic study of 5 cases,
the key findings were basement membrane thickening and
collagen deposition in the perivascular space involving small
vessels and leading to thickening of vessel walls, narrowing,
and vascular occlusion.4 These findings indicate that SuS is a
microvascular disease. Mononuclear cells were present in the
perivascular space, underlining the inflammatory nature of the
pathology.4 All together, we can conclude that brain biopsy is
unnecessary in establishing SuS diagnosis and should be
limited to special cases in which the diagnosis is not clear.

Brain angiography was reported in only 3 patients with SuS. In
1 patient, it revealed mild tortuosity of the pericallosal artery25

and in another patient abnormal small irregularities in the distal
anterior and middle cerebral artery branch48 and was normal in
the third patient.49 In our previous report, brain angiography
was performed in a substantial number of patients, but most
studies reported normal findings. Because the vessels affected
in Susac syndrome are too small to be depicted on angiography,
this procedure should be reserved for special cases—for ex-
ample, when cerebral vasculitis is suspected.

Classification According to the 2016 Criteria
According to the criteria proposed by Kleffner et al. in 2016,
patients with definite SuS must have brain and vestibuloco-
chlear involvement with both clinical manifestations and
findings in objective testing and ocular involvement which may
be present in objective testing alone. We classified the current
cohort according to the 2016 criteria. A total of 169 patients
(50.9%) fulfilled the definition of definite SuS according to
these criteria. 163 (49.1%) patients did not meet the “definite”
criteria and were defined probable SuS.

We analyzedwhich specific criterionwasmissing tomeet definite
SuS. This analysis was performed only in case studies in which
specific data for patient were provided (n = 67). The most often
missing criterion was vestibulocochlear involvement in 26 pa-
tients (39%), from which, 9 (23%) did not have any vestibulo-
cochlear involvement, 4 (20%) did not have clinical SNHL, and
13 (33%) did not have a test demonstrating SNHL. Only 2
patients (3%) had no retinal involvement, and in 6 patients (9%),
a supporting ophthalmologic examination was not available.
Three patients with SuS (4%) had MRI supporting CNS in-
volvement with no clinical presentation (including headache),

and in 1 patient, the lack of corpus callosum involvement on
MRI was the sole missing criterion.

These results may imply that these criteria may not be sen-
sitive enough for the diagnosis of SuS.We think, however, that
data are not yet robust enough to draw any specific recom-
mendations for now, but future collaborative work with other
centers will facilitate a more comprehensive database.

Limitations
Data regarding SuS have greatly expanded during the last
decade. Therefore, most of the articles that were published in
recent years are case series. In addition, many of these pub-
lications focus on new diagnostic techniques as part of SuS
evaluation, which often resulted in partial description of the
manifestation and do not provide the comprehensive data that
were necessary for this review.Whenever the authors declared
a previous publication of a particular patient, we removed the
respective data to avoid duplication. However, we cannot
completely rule out the possibility of some duplication.
“Normal” SuS with no unusual features and unspectacular
course are less likely to be published and therefore un-
derrepresented. Treatment response was beyond the scope of
our review and is discussed in a recently published review.50

Conclusions
In this systematic review, we present updated epidemiology data
of SuS, classified by our recently proposed criteria, and sum-
marized newly used diagnostic methods for evaluation of brain,
ocular, and vestibulocochlear involvement. Our data show sim-
ilar demographic and clinical manifestations compared with our
previous review which strengthen our current results and the
clinical manifestation of SuS. Moreover, we describe current and
updated ancillary tests. Our results support early and extensive
ophthalmologic evaluation including FA and OCT in patients
presenting with neurocognitive symptoms and suggestive MRI
findings. Specific MRI sequences such as DWI and postcontrast
FLAIR should be added to increased sensitivity when SuS is
suspected. The fact that only half of the patients were defined as
definite SuS and the progress in ancillary tests suggest an update
of the current SuS diagnostic criteria.
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