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Abstract

Systemic vasculitis is a group of rare diseases that share an essential characteristic: inflammation of blood vessel
walls. This injury occurs during the disease course, but specific features vary for each entity. In this paper, we will
address relevant aspects of the newest monogenic mutation vasculitis, such as deficiency of adenosine deaminase
2 (ADA2) and VEXAS syndrome (UBAT), and other relevant vasculitis, such as Cogan syndrome and Susac syndrome

that may share some similarities with them.
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Introduction

Among the systemic vasculitis group, there are some rar-
est entities that rheumatologists should consider due to
their clinical relevance, independent of their frequency.
We are discussing disorders such as the recently discov-
ered monogenic mutation vasculitis, including adenos-
ine deaminase 2 deficiency (DADA?2) and vacuoles, E1
enzyme, X-linked, autoinflammatory, somatic (VEXAS)
syndrome, and other previously recognized such as
Cogan syndrome and Susac syndrome. These diseases
are extremely rare but without a correct diagnosis and
follow-up, outcomes could lead to relevant morbidity and
mortality. Pertinent aspects of each entity are summa-
rized here.
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VEXAS syndrome

VEXAS syndrome (VS) is a recently described autoin-
flammatory clinical entity linked to somatic mutations
in the UBA1 (ubiquitin-like modifier activating enzyme
1) gene, first reported in 25 male patients with an adult-
onset inflammatory disease with overlapping manifesta-
tions and features of hematopoietic dyspoiesis [1]. The
acronym VEXAS stands for a group of key abnormalities
associated with VS (Fig. 1). As a monogenic disease, all
acquired mutations have been identified in the X-linked
UBAI gene, which encodes the UBA1 enzyme, one of
the E1 enzymes, which are responsible for the initiation
of all cellular ubiquitylation processes. Ubiquitylation is
a post-translational modification that regulates multiple
inflammatory pathways, essential for the innate immu-
nity response and disruptions of this process may lead to
autoinflammation [2].

The UBA1 enzyme has two isoforms, e.g. UBAla
and UBA1b. Somatic mutations that generate reduced
expression of UBA1lb are primarily responsible for VS
[1]. Mutations clinically expressed as VS were originally

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included

in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-9023-3144
http://crossmark.crossref.org/dialog/?doi=10.1186/s42358-024-00421-8&domain=pdf&date_stamp=2024-10-9

Dantas et al. Advances in Rheumatology (2024) 64:79

Reduced E1 enzyme activity
due to UBAT mutations

ATP

| // "\»\\‘ i : ub
\ /

S

Vacuoles X-Linked

w7

() Ubiquitin E1 Enzyme
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described in the start codon 41 (methionine-41), being
lineage-restricted to blood myeloid cells, although the
original study showed early bone marrow progenitor cells
with evidence of mosaicism [1, 3]. Additional mutations
in UBA1I not all involving codon 41 were also described
posteriorly [4]. Mutations lead to impaired enzyme activ-
ity and reduced intracellular ubiquitylation, a phenom-
enon closely associated with systemic inflammation and
not exclusive of VS [5]. A major immunologic dysfunc-
tion takes part in the pathogenesis of the syndrome, con-
sistent with the activation of several innate immunity
inflammatory pathways such as interleukin-6, tumor
necrosis factor and interferon-y (IFN-y) as well as atypi-
cal lymphocyte differentiation with increased neutrophil
extracellular trap (NET) formation [1].

The UBAI somatic mutations leading to VS often
appear late in life and predominantly affects men, since it
is an X-linked gene [4]. A 2023 exome data study showed
presence of disease-causing L/BA I variants in one in 4269
men older than fifty years [4]. Severe and progressive
multisystem inflammation is often the case in VS with a
wide spectrum of features [6]. Cartilage, lungs, and skin
are primarily involved [7]. Features that combine rheu-
matologic and hematologic phenotypes are suggestive
[7]. The clinical presentation resembles a variety of other
causes, imposing a true diagnostic challenge [7]. A whole
array of immune-mediated diseases may be mimicked by
VS, such as relapsing polychondritis, neutrophilic der-
matoses, other primary systemic vasculitis, and systemic
lupus erythematosus [1]. Since heterogeneity is the rule,
patients may fulfill criteria for some diseases [1].

No manifestation is specific of VS. Recurrent fever is
the most common constitutional symptom, with preva-
lence ranging from 70 to 92% on different cohorts [3, 6,
8, 9]. Weight loss, fatigue and anorexia are also possible.
Other common features are macrocytic anemia, throm-
bocytopenia, skin involvement, nose/ear chondritis,
venous thromboembolism and pulmonary involvement
[3, 6, 8, 9]. Suspicion relies on the combination of symp-
toms together with the disease’s systemic nature. Authors
suggest that a rational way to consider the diagnosis is the
association of multiorgan disease, evidence of systemic
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inflammation and cytopenia in a 50 year or older male
patient [10]. Of note, mimicking rheumatologic condi-
tions is common, and special attention should be given
when evaluating refractory cases, especially if progressive
hematologic manifestations are present [11]. Retrospec-
tive evidence regarding the use of hallmark features of VS
showed significant accuracy [6, 12].

Chondritis, sometimes indistinguishable from idio-
pathic relapsing polychondritis (RP) is frequent. A sub-
set of RP has been recognized in the context of UBA1I
somatic mutations in a RP cohort, defining cases as RP-
VEXAS [13]. Patients were all male, had a disease onset
in the fifth decade of life or later, presented with ear
and/or nose chondritis and hematologic disease [13]. A
proposed algorithm stated that, among patients with
a defined diagnosis of RP, the combination of male sex
plus either a MCV above 100fL or a platelet count below
200.000/pL predicted VS with excellent accuracy [13].
Worse prognosis, fever, skin disease, lung involvement
and myelodysplastic syndrome appears to be more preva-
lent in the RP-VEXAS form of disease [13, 14].

VS almost always presents with varying degrees of
bone marrow dysfunction [7, 15]. Anemia is virtually
always present and the probability of an elevated MCV
is very high [15]. Lymphopenia is also quite common
and about half of patients show thrombocytopenia [15].
A distinctive but not specific feature of the syndrome is
vacuolization of myeloid and erythroid precursor cells
[15, 16]. Hematologic disturbances may lead to hemato-
logic malignancy, with myelodysplastic syndrome being
the most frequent condition, varying from 25 to 55%,
followed by multiple myeloma, hence the importance
of investigating the presence of a monoclonal protein-
associated disorder including monoclonal gammopathy
of undetermined significance [16]. Hypotheses for the
increased risk of hematologic malignancy in VS are the
persistent inflammatory state as a promoter of mutant
clones and the direct effect of the underlying mutation
[17].

The majority of the 25 patients from the original
description of VS had pulmonary involvement [1]. A
2023 study with CT scans available from 51 patients
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showed pleuropulmonary disease in less than 50% of
patients, most of them exhibiting ground glass opacities
or consolidation [18]. Authors suggested the possibility
of underdiagnosis and a low probability of fibrosis [18].
Neutrophilic alveolitis, interstitial pneumonia and pleu-
ral inflammation also have been reported [1].

Approximately 90% of patients show skin involvement
and cutaneous findings are frequently the first manifesta-
tion [19]. Different types of lesions are possible, and no
pattern is considered specific [19]. Widespread maculo-
papular lesions and small nodules is the most common
presentation. The histopathological description often
shows signs of leukocytoclastic vasculitis or neutrophilic
dermatoses such as Sweet’s syndrome [19]. Erythema
nodosum-like, urticariform and panniculitis-related
lesions are also observed [19].

The spectrum of VS manifestations has gradually
increased due to several new reported cases [20]. Other
possible features are inflammatory eye disease (uveitis,
scleritis, periorbital edema); lymphadenopathy; spleno-
megaly; interstitial nephritis; abdominal pain, diarrhea;
arthralgia and arthritis; myocarditis and pericarditis; aor-
titis; and peripheral/central nervous system involvement
[21].

Blood markers of inflammation are usually high,
although unspecific. Bone marrow analysis show vacu-
olization, hypercellularity, increased myeloid: erythroid
ratio and varying degrees of dysplasia [22]. Formal diag-
nosis is exclusively made upon the detection of compat-
ible pathogenic LUBA1 somatic mutation variants [23]. A
2022 case report shed light on an important issue about
exome sequencing [23]. High variant allele frequency can
determine misinterpretation of results, with the incorrect
notion of hemizygous state [23]. In such cases, additional
tissue testing may be necessary to confirm the somatic
state linked to VS and not a germline variant of UBAI
[23]. Tests can be performed in peripheral blood and
Sanger technique has been described as the methodology
of choice [23].

Optimal therapeutic strategies in VS are still unclear.
Management guidance is provided by low quality, lim-
ited and heterogeneous data, no randomized controlled
trial has been conducted. Treatment is largely based on
case series together with the knowledge acquired from
treating other autoinflammatory conditions [24]. Phar-
macologic approach to treatment is usually dichoto-
mous, relying on controlling the severe inflammation
and targeting mutated cells. For the first strategy, gluco-
corticoids in high doses are effective but tapering is dif-
ficult due to recurrence [6]. For patients with complete
response under glucocorticoids and low dose required for
maintenance, monotherapy may be of choice, although
adverse effects of long-term glucocorticoid use are of
major concern [11, 21]. For those with poor response
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or relapsing disease, usually a steroid sparing strategy
is initiated, and many drugs have been used in VS [21].
IL-1 blocking agents, tocilizumab and JAK-inhibitors are
the main drugs of choice in those cases, with ruxolitinib
showing promising results in a retrospective cohort study
compared to other JAK-inhibitors [25]. For patients with
progressive refractory disease, especially in the context
of the hematological aspect of VS, the use azacytidine, a
hypomethylating agent, is suggested [26, 27]. Azacytidine
have been used in the treatment of hematologic malig-
nancies such as myelodysplastic syndromes and acute
myeloid leukemia [3, 6]. Reports showed benefit in the
management of VS [26]. For severe cases, bone marrow
transplantation is the only potentially curative interven-
tion [28, 29]. Prognosis in VS is closely linked to disease
severity and mortality varies among cohorts [6, 8]. A 63%
mortality rate in 5 years has been reported, as well as a
10-year median of survival. A clear information about
prognosis is still lacking, however, overall prognosis is
poor and appears to correlate with hematologic malig-
nant disease [6, 11, 15, 30].

Deficiency of adenosine deaminase 2 (DADA2)

The DADA2 is a monogenic autoinflammatory disor-
der with an autosomal recessive inheritance pattern [31,
32]. Since it was first described in 2014, over 600 cases of
DADAZ2 have been reported [31-33]. However, the actual
frequency of this disorder is believed to be underesti-
mated [34]. Genetic studies have revealed that mutation
variants are carried in the population by at least 1 in 236
individuals. This would indicate a prevalence of 35,000
cases in the population [34], which means that DADA2
might be one of the most common autoinflammatory
syndromes.

More than 150 variant mutations of the same gene have
been described, according to the INFEVERS database
(https://infevers.umai-montpellier.fr) [35]. Biallelic muta-
tion are located in the ADA2 gene, previously known
as CECRI, located on chromosome 22q11.1 [35]. Most
cases are homozygous with missense mutations (substi-
tutions). Deletion, splicing, and nonsense mutations have
also been reported in lower frequency [35].

Initial cases were described on Georgian-Jewish, Ger-
man, and Turkish patients [31, 32]. Today, the majority
of patients are Caucasian (>75%), with emerging reports
in India [36] and Brazil [37]. A genetic study showed a
higher allelic carrier percentage in Finland, South Asia,
and Latino population. The carrier frequency was lower
in African, East Asia, and Ashkenazi Jewish populations
[34].

Approximately 70% of cases commence in childhood,
nevertheless adult onset is also recognized [33, 38].
Moreover, a significant number of adults likely remain
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undiagnosed [38]. Prevalence was similar between sexes
[39].

Adenosine deaminases (ADA) enzymes regulate
purine metabolism by converting adenosine to inosine
and deoxyadenosine into deoxyinosine [40]. The two
isoforms, ADA1 and ADA2, share partial homology but
have distinct physiologic roles [41]. ADA1 is intracellular
and expressed in every nucleated cell. In contrast, ADA2
is primarily expressed by myeloid cells and secreted to
the extracellular space, mainly in inflammatory scenarios
[40, 41].

Besides participating in purine metabolism, ADA2 also
works as a growth factor, playing a role in the differen-
tiation and activation of immune cells [40]. Furthermore,
ADA?2 is believed to contribute to the maintenance of
vascular integrity [42].

Even though DADA2 pathogenesis is not entirely
understood, one of the hallmarks is the polarization of
monocyte differentiation towards the macrophage M1
subtype [43]. This results in a pro-inflammatory environ-
ment, with increased release of TNF-a, IL-1f, and IL-6,
which propagate inflammatory response and endothelial
damage [31]. Furthermore, DADA2 upregulates IFN-y
signaling and triggers chronic neutrophile activation
with spontaneous NET formation [42, 43]. DADA2 also
impair interactions between T and B cells [44].

The first described cases of DADA2 were characterized
by a polyarteritis nodosa (PAN)-like cutaneous vasculop-
athy coupled with early-onset stroke in young children
[31, 32]. Further research expanded the clinical spec-
trum, that is categorized into three groups: (I) inflamma-
tory/vasculitis, (II) hematologic manifestations, and (III)
immunodeficiency (Fig. 2) [45]. Patients usually exhibit a

Vasculitis/Inflamatory Immunodeficiency

Hematological

Fig. 2 Deficiency of adenosine deaminase 2 (DADA2) clinical

manifestations
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dominant clinical phenotype, although overlapping is fre-
quent. Hematological and immunodeficiency manifesta-
tions rarely occur in isolation [39, 45].

Inflammatory/vasculitis phenotype is the most com-
mon [33, 37-39, 46]. Cutaneous and neurological symp-
toms are predominant in DADA2 patients, differently
from PAN [39]. Cutaneous involvement occurs in about
70-90% of cases, usually with livedo racemosa (47-74%)
[33, 39]. PAN-like nodules (23-57%), Raynaud’s phenom-
ena, acral digital gangrene, and erythema nodosum can
also appear [33, 37, 39].

Skin biopsy resembles PAN histopathology, with
medium-size vasculitis in the deep dermis, with dense
transmural infiltrate of neutrophils with karyorrhexis [39,
47]. Fibrinoid necrosis and chronic surrounding inflam-
mation may be present [39]. Leukocytoclastic vasculitis
of small vessels, as well as vasculopathy with lymphovas-
cular occlusion and intravascular thrombi, can also be
found [31, 32, 36, 39].

The typical neurological manifestation is transient isch-
emic attack (TTA)/ischemic stroke (41-43%) [33, 39, 46,
48]. Strokes are usually lacunar, affecting mostly basal
ganglia, brain stem, internal capsule, and cerebellum [33,
39, 46, 48]. In a 60-patient cohort, the mean age for the
first stroke was 6.5 years, with an average of 3 strokes per
patient [39]. Additionally, stroke was the disease present-
ing symptom in several patients, and about half of them
experienced their first stroke before reaching five years
old [39, 48]. Intracerebral hemorrhage may occur less fre-
quently, typically after an ischemic stroke and/or with the
use of aspirin or anticoagulants [31, 32, 39, 48].

Vasculitic DADA2 presentation may also resemble
Sneddon Syndrome, with ischemic stroke, livedo race-
mosa, and biopsy with intravascular thrombi. In addition,
DADA2 may present positive antiphospholipid (aPL)
antibodies in 27% of patients [48]. Because the treat-
ments for these two conditions are considerably distinct,
there should be caution when diagnosing Sneddon Syn-
drome without performing ADA?2 screening.

Other neurologic manifestations include polyneuropa-
thy, mononeuritis multiplex, cranial nerve palsies, spas-
tic paraplegia, sensorineural hearing loss, and posterior
reversible encephalopathy syndrome (PRESS) [37, 42,
49]. Ophthalmologic involvement may occur as optic
neuritis, uveitis, retinal artery occlusion, and orbital
pseudotumor [42, 49].

Vasculopathy may affect other organs, such as intes-
tinal ischemia, hepatomegaly, hepatic fibrosis, portal
hypertension, mesenteric and renal aneurysms, testicular
pain, cardiomyopathy, inflammatory myositis, and other
manifestations [33, 39, 46]. Also, unspecific symptoms
such as musculoskeletal manifestations and periodic
fever may occur in more than half of patients [39, 46].
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Hypogammaglobulinemia with low immunoglobulin
M (IgM) is the most common presentation in the immu-
nodeficiency phenotype [31, 50]. Low immunoglobulin
G (IgQ), generalized lymphadenopathy, and splenomeg-
aly may also occur [51]. Recurrent infections, typically
caused by bacteria, herpes zoster, and verrucous warts,
have been reported [39, 51]. Immunodeficiency is gener-
ally milder when associated with the vasculitic form of
disease than the hematologic DADA2 phenotype [39].
Severe presentations, such as combined variable immu-
nodeficiency disease, autoimmune lymphoprolifera-
tive syndrome (ALPS), and lymphoma, may occur more
rarely [33, 39].

Finally, the hematological phenotype is the least fre-
quent, often more severe, and predominantly affects
younger patients [50]. Lymphocytopenia is the most
common hematological feature [50]. Anemia is usually
multifactorial and may appear in half of the patients [39,
50]. Coombs-positive autoimmune hemolytic anemia has
been described [36]. Bone marrow evaluations can reveal
lineage hypoplasia, and severe conditions such as Dia-
mond-Blackfan anemia, pure red cell aplasia, and bone
marrow failure more rarely occur [50].

While patients with vasculitis/systemic inflamma-
tion usually present up to 3% of residual activity of
ADA2, patients with hematological manifestation pres-
ent minimal or absent ADA2 activity [49, 52]. There is
a genotype-phenotype correlation, where the vasculi-
tis manifestations are more frequently associated with
ADA2 missense mutations, whereas hematological phe-
notypes have more catalytic mutations, such as nonsense,
insertions, and deletion variants [49, 52].

In a comparative study of adult versus child disease-
onset, adults presented more cutaneous nodules, ulcers,
purpura, peripheral neuropathy, gastrointestinal events,
and infections associated with humoral deficiency [38].
Whereas children exhibited more strokes, anemia, and
neutropenia [38]. Also, adult-onset disease correlated
with ADA2 hypomorphic mutations [38].

Despite the genotype-phenotype correlation, there is
evidence that epigenetics and environment influence
the clinical presentation. Studies with siblings with same
mutations showed differences in severity and age of onset
[53, 54].

DADA2 is a potentially fatal disease, with a mortality
rate of 8% before 30 years old [55]. Worst outcomes are
associated with recurrent stroke, gastrointestinal isch-
emia, recurrent infections, and hematological phenotype
[39].

Diagnosis is established in symptomatic patients who
present low plasma ADA2 enzymatic activity or display
a compatible genetic sequencing of the ADA2 gene [45].
A recent consensus for managing DADA2 recommends
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that both methods should be employed when feasible
since both have limitations [45].

Normal ADA2 activity rules out the condition; con-
versely, low ADA2 levels supports the diagnosis [45].
ADA2 activity levels can be assessed using spectrometry
or high-performance liquid chromatography assay [45].
The availability of the tests is usually limited to research
[45].

Genetic diagnosis is also established by the identifica-
tion of biallelic pathogenic or likely pathogenic ADA2
variants [56]. ADA2 genetic testing may be found in
most commercial sequencing panels for inborn errors of
immunity or autoinflammatory syndromes [45].

When ADA2 variants of unknown significance (VUS)
are detected, the assessment of ADA2 enzyme activity
is recommended [45]. In addition, when clinical suspi-
cion of DADA2 remains, despite negative genetic testing,
it is suggested that further evaluation be performed for
intronic, splicing, and gene structural variants that may
not be identified on standard genetic techniques [45, 57].

When a patient is diagnosed, all siblings should be
screened [45]. Any relative with suspected symptoms
should also be considered for screening. Individuals are
considered carriers when only monoallelic ADA2 vari-
ants are detected. Most carriers are asymptomatic; how-
ever, some may present mild features of DADA2 [44].
Asymptomatic individuals with biallelic pathogenic
mutations are considered pre-symptomatic patients and
there is ongoing debate regarding their clinical progres-
sion [45].

The 2023 consensus from DADA2 experts recom-
mends ophthalmologic evaluation and magnetic reso-
nance imaging/angiography (MRI/MRA) brain scan for
all patients [45]. The DADA2 disease activity and disease
damage score have been proposed to standardize assess-
ment [58]. Early diagnosis and treatment are crucial con-
sidering the unfavorable prognosis. Treatment is based
on retrospective studies, case series, and expert opinion
[45].

For the vasculitic/inflammatory phenotype, Tumor
Necrosis Factor inhibitors (TNFi) are the preferred
intervention, since they are the only medications that
prevented recurrent strokes [48]. Therapy should be
lifelong; recurrence was observed following suspension.
Consensus suggests association with disease-modify-
ing antirheumatic drugs to mitigate anti-drug antibody
formation, though this risk remains uncertain [39, 45].
Anti-drug antibody screening is warranted in the event
of a flare. In refractory cases, biologics targeting IL-1 and
IL-6 have been reported [59].

For acute stroke, glucocorticoid and/or TNFi should
be initiated [45]. The benefit of antiaggregant, anticoagu-
lant, or antithrombotic medications in these patients is
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unclear and is not routinely suggested because of the risk
of hemorrhagic transformation [45].

The hematological phenotype is refractory to TNFi
and glucocorticoids. Allogeneic hematopoietic stem cell
transplantation (HSCT) is curative for severe and refrac-
tory cases, such as bone marrow failure [49, 52].

Patients with immunodeficiency may need prophylac-
tic antibiotics and intravenous immunoglobulins (IVIG)
in cases of recurrent infections and humoral deficiency.
Immunizations are preconized in all patients [49, 52].

Cogan syndrome

Cogan syndrome (CS) is a rare chronic inflammatory
disease classified as a variable vessel vasculitis [60] that
occurs especially in young Caucasian adults of both sexes
[61-63]. The first description as a specific entity occurred
in 1945, by the ophthalmologist David G. Cogan, as a
syndrome of nonsyphilitic interstitial keratitis (IK) and
vestibuloauditory symptoms [64]. The most common
clinical presentations of CS are IK and Méniére-like epi-
sodes [62].

IK is a classic eye presentation that manifests as eye
redness, pain, photophobia, and blurred vision [62] and
is usually bilateral [63]. Other eye structures can be
inflamed, resulting in iridocyclitis, conjunctivitis, episcle-
ritis, anterior or posterior uveitis, and retinal vasculitis
[62]. The worst outcome, blindness, is reported in 8% of
patients [65].

Regarding cochleovestibular manifestations, CS gener-
ally has a Méniére-like presentation, with abrupt onset
of vertigo, ataxia, nausea, vomiting, and tinnitus, gen-
erally associated with severe and bilateral hearing loss
(Fig. 3) [63]. Audiometry has a sensorineural pattern,

Cochleovestibular
Manifestations

Cogan Syndrome

¢ |Interstitial keratitis
e Meéniere-like presentations

Fig. 3 Main manifestations of Cogan syndrome and Susac syndrome
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preferentially affecting low- and high-range frequen-
cies, similar to the findings in Méniére disease [62]. In
contrast to visual outcomes, the loss of hearing associ-
ated with CS is usually severe, with permanent bilateral
deafness occurring in 43.5% of patients, usually 3 months
after the onset of initial symptoms [63].

Vasculitic manifestations occur in 15-21% of patients
[62] and may include arteritis (of any size), aortitis, aortic
aneurysms, and aortic or mitral valvulitis [60].

The diagnosis of CS is defined by the association of
visual and cochleovestibular abnormalities after the
exclusion of alternative infections (syphilis, tubercu-
losis, chlamydial infection) and inflammatory diseases
(sarcoidosis, PAN, granulomatosis with polyangiitis and
Takayasu arteritis) [62].

Treatment traditionally consists of systemic corti-
costeroids and/or immunosuppressive agents, such as
methotrexate, azathioprine, leflunomide, mycophenolate,
cyclophosphamide, cyclosporin, TNFi, rituximab (anti-
CD20), or tocilizumab (anti-IL6 receptor) [62, 65]. The
best treatment option is related to clinical severity [62].

Susac syndrome

Susac syndrome (SuS) is another rare disease charac-
terized by the triad of hearing impairment, visual dis-
turbance, and encephalopathy. In 1979, SuS was first
described by Dr. John O. Susac in two patients with “per-
sonality changes and paranoid psychosis” associated with
retinal artery occlusions [66]. Its incidence ranges from
0.024 to 1.2/100,000 inhabitants [66, 67]. SuS mainly
affects young women, with a mean age of onset of 31.6
years (£10.4, 8-65 years) and a male to female ratio of
1:3.5 [67].

Inflammatory Eye Disease

A

Susac Syndrome

e Encephalopathy
o Corpus callosum lesion
o Leptomeningeal
enhancement
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The pathophysiology is unclear but is thought to be
mediated by CD8* T cells resulting in endothelial dam-
age to small vessels of the brain, inner ear, and retina [67].

The classical triad occurs in only 13% of patients at
diagnosis, resulting in an additional challenge for diagno-
sis [67]. The diagnosis is based on the presence of typical
features of the brain, eye, and ear.

Neurological manifestations are the most common
characteristic at diagnosis, with subacute encephalopathy
(75% of cases) with varying degrees of involvement, rang-
ing from impairment in attention and executive functions
to severe confusional status or psychiatric manifesta-
tions [66]. Cerebrospinal fluid evaluation may be normal
or altered, with elevated protein levels (80% of patients)
and lymphocytic pleocytosis in 50% of patients [66]. The
presence of oligoclonal bands can occur in 15% of cases
[66].

The presence of small rounded white matter lesions on
T2- and T2-FLAIR-weighted brain MRI, mostly supra-
tentorial, is present in all patients with central nervous
system involvement [66]. The evidence of a “string of
pearls” at the internal capsule is a very important find-
ing for SuS. Another important aspect of SuS, considered
pathognomonic, is the association between microvascu-
lar ischemic lesions in the corpus callosum and lepto-
meningeal enhancement (Fig. 3) [66].

Ocular involvement is a result of multiple retinal artery
occlusions, which generally spare the macular region
[66]. Retinal fluorescein angiography is the best tool for
revealing retinal artery occlusion [66].

The cochleovestibular manifestations are composed
of sensorineural hearing loss (up to 90% of cases), with
abrupt onset that is frequently bilateral and is associated
with tinnitus or intense rotatory vertigo. Audiometry
usually shows hearing loss predominating at low to mid-
tone frequencies, suggesting damage to the apical part of
the cochlea [66].

The treatment of SuS is empirical and based on the
hypothesis of inflammatory microvasculopathy, sup-
porting the use of immunosuppressive and immuno-
modulatory agents [66]. The cornerstone is corticosteroid
(high-dose) and, for severe cases, the additional use of
immunosuppressive agents, such as cyclophosphamide,
azathioprine, mycophenolate mofetil or rituximab [66].
Anti-platelet drugs are often used as an add-on therapy
[66]. Other possible agent is IVIG (for patients with cor-
ticosteroid single use and active disease). Other anecdot-
ally reported options are infliximab, adalimumab, plasma
exchange, cyclosporine, and hematopoietic stem cell
transplantation [66].
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Conclusion

These entities have a considerable overlap of manifes-
tations and physician’s awareness and knowledge are
essential to recognize each of them. Despite being rare
diseases, outcomes may be devastating.

Abbreviations

ADA2 Adenosine deaminase 2

ALPS Autoimmune lymphoproliferative syndrome

aPL Antiphospholipid

cs Cogan syndrome

DADA2  Deficiency of adenosine deaminase 2
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I9G Immunoglobulin G

IgM Immunoglobulin M

1K Interstitial keratitis

IFN-y Interferon-y

IVIG Intravenous immunoglobulin

JAK Janus kinase

MCV Mean corpuscular volume

MRA Magnetic resonance angiography
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