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Abstract Primary angiitis of the central nervous system
(PACNS) is one of the most devastating pathologic processes
that affect the central nervous system (CNS). It results in
exclusive inflammation and destruction of CNS blood ves-
sels. Progressive debilitating unexplained neurological defi-
cit associated with abnormal cerebrospinal fluid (CSF) anal-
ysis findings is the typical picture of the disease. CNS biopsy
is the gold standard diagnostic test. Immunosuppressive
therapy is the core treatment. Reversible cerebral vasocon-
striction syndrome (RCVS) is a main mimic of PACNS.
RCVS is characterized clinically by recurrent thunderclap
headache with or without neurological deficit and normal
CSF analysis findings and angiographically by reversible
diffuse segmental vasospasm of intracranial vessels. A step-
wise diagnostic approach should be followed to differentiate
PACNS from RCVS and exclude the other clinical, radio-
graphic, and angiographic mimics.

Keywords Primary angiitis of the central nervous system -
Reversible cerebral vasoconstriction syndrome
Introduction

“Central nervous system vasculitis” is a broad definition for
diseases that result in inflammation and destruction of the

This article is part of the Topical Collection on Cardiovascular Disease
and Stroke

T. A. Hammad

Orthopedic and Rheumatologic Institute, Rheumatologic and
Immunologic, Cleveland Clinic Foundation,

9500 Euclid Avenue, Cleveland, OH 44195, USA

e-mail: hammadt@ccf.org

R. A. Hajj-Ali (><)

Cleveland Clinic Lerner College of Medicine of Case Western
Reserve University, Center for Vasculitis Care and Research,
Cleveland Clinic Foundation, 9500 Euclid Avenue,
Cleveland, OH 44195, USA

e-mail: hajjalr@ccf.org

blood vessels of the brain, spinal cord, and meninges.
We broadly classify central nervous system (CNS) vascu-
litis into primary and secondary CNS vasculitis. In prima-
ry CNS vasculitis, the vasculitis is confined to the CNS;
in such cases the term “primary angiitis of the central
nervous system” (PACNS) is applied.

The differential diagnosis of secondary CNS vasculitis is
broad and includes the involvement of the CNS, in a
vasculitic pattern, secondary to wider systemic inflammatory
diseases such as connective tissue disease, systemic vasculi-
tis, and chronic inflammatory disease, or infectious diseases
such as varicella zoster.

In 1959, Cravioto and Feigin [1] were the first to recog-
nize the entity of PACNS and revealed part of the ambiguity
about a new pathologic disease after examination of brains
on autopsy. PACNS attracted more attention when reports of
successful treatment were reported in the 1980s [2]. After
that and as a result of progress in diagnostic modalities and
more awareness of the disease, more than 500 cases were
reported in the medical literature by 2007 [3e].

Epidemiology

PACNS is rare disorder. A retrospective analysis of 101 cases
revealed that the average annual incidence rate of PACNS is
2.4 cases per million person-years [4]. The disease has been
reported more commonly in white males, with the median
age at onset being 50 years [4-6]. Children have been also
affected [7-9].

Clinical Features

The diffuse nature of the involvement of the inflammation of
the CNS in PACNS results in nonspecific clinical presenta-
tion of the disease. Headache is the commonest presenting
symptom. It is usually insidious with subacute onset,
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followed by encephalopathic symptoms, dementia, cognitive
dysfunction, and behavioral and personality changes. Recur-
rent multiple strokes and transient ischemic attacks occur in
30-50 % of patients [4, 10, 11]. Rarely, cranial neuropathies,
seizure, ataxia, and coma have been reported [4, 10—12]. The
clinical course is usually subacute and chronic. In short,
PACNS patients may present with any focal or nonfocal
neurological symptoms as a result of diffuse and often patchy
involvement of the brain, spinal cord, and their coverings
[3e].

Systemic symptoms such as fever, weight loss, and mal-
aise are lacking, and if present should alert the clinician to
look for a systemic process.

Subsets of PACNS

Different radiographic and pathologic subsets have been
recognized in PACNS. This classification has not been val-
idated, but rather represents authors’ observations. The pro-
totype subset, which was originally described, is granuloma-
tous angiitis, referred to as granulomatous angiitis of the
CNS (GACNSYS). This subset is extremely rare. GACNS is
characterized by a typical granulomatous inflammatory pro-
cess affecting the vessel walls on histological examination.

Another finding on pathologic examination includes in-
volvement of the vessel wall by a lymphocytic inflammation
without granulomatous components; this group has been
classified as lymphocytic PACNS.

Further, a group of patients are diagnosed by angiography
without a pathological confirmation. This is referred to as
angiographically defined PACNS. In this category, careful
exclusion of the mimics of PACNS should be performed; in
addition, an inflammatory component of the cerebrospinal
fluid (CSF) should be confirmed. Spinal cord vasculitis and
mass lesion presentations have been rarely reported as has
amyloid-related angiitis [13—16].

Diagnostic Criteria of PACNS

Nonspecific clinical presentation of PACNS makes the diag-
nostic process more challenging. Furthermore, the absence
of sufficiently sensitive and specific diagnostic tests which
can confidently confirm the diagnosis or safely exclude it
and other mimics makes it a real diagnostic dilemma. In
1988, Calabrese and Mallek [5] proposed a set of diagnostic
criteria (Table 1) to assist in the diagnosis of PACNS.
Depending on these criteria, to diagnose PACNS, patients
should meet all of the following: (1) the presence of an
acquired otherwise unexplained neurological or psychiatric
deficit; (2) the presence of either classic angiographic or
histopathological features of angiitis within the CNS; and
(3) no evidence of systemic vasculitis or any disorder that
could cause or mimic the angiographic or pathological fea-
tures of the disease. In essence, these criteria affirm the
exigency of exclusion of a long list of differentials before
the diagnosis of PACNS is accurately confirmed. This nec-
essarily imposes an extensive workup, which has been con-
tinuously updated and widened according to the new emerg-
ing diagnostic tools and nosologic entities.

Reversible Cerebral Vasoconstriction Syndromes

Reversible cerebral vasoconstriction syndrome (RCVS)
comprises a group of diverse conditions, all characterized
by reversible multifocal narrowing of the cerebral arteries
heralded by sudden (thunderclap), severe headaches with or
without associated neurological deficits [17]. Historically,
RCVS was previously described under several miscella-
neous cerebral vasculopathic disorders such as migrainous
vasospasm [18], postpartum angiopathy [19], drug-induced
cerebral angiopathy [20], and Call-Fleming syndrome [21].
In the rheumatology literature, RCVS was originally recog-
nized as a vasculopathy that highly mimics PACNS and was
referred to as benign angiopathy of the CNS.

Table 1 Diagnostic criteria of primary angiitis of the central nervous system (P4ACNS) and reversible cerebral vasoconstriction syndrome (RCVS)

PACNS

RCVS

The presence of an acquired otherwise unexplained neurological
or psychiatric deficit

The presence of either classic angiographic or histopathological
features of angiitis within the CNS

No evidence of systemic vasculitis or any disorder that could cause
or mimic the angiographic or pathological features of the disease

Severe and acute headache (often thunderclap) with or without
focal deficits or seizures

Direct or indirect angiography documenting multifocal segmental
cerebral artery vasoconstriction

No evidence of aneurysmal subarachnoid hemorrhage

Normal or near-normal CSF analysis findings (protein concentrations
below 80 mg/dL, fewer than 10 white blood cells per microliter)

Reversibility of angiographic abnormalities within 12 weeks after onset

CNS central nervous system, CSF cerebrospinal fluid
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Benign angiopathies of the CNS were distinguished from
PACNS by the monophasic course and reversible vascular
abnormalities [22, 23]. In 2007, Calabrese et al. [17] pro-
posed the concept of RCVS to encompass all syndromes that
have unifying clinical, laboratory, and radiologic features,
and they proposed clinical features and diagnostic criteria.
Since 2007, many case series and reports have been pub-
lished that further describe the different features of RCVS
[24, 250, 26¢, 27°].

Epidemiology

In contrast to PACNS, RCVS has a female predilection, with a
mean age at onset of 42 years, which ranges from 18 months
to 76 years [25¢e, 26e, 27, 28]. Owing to the absence of
epidemiologic studies; the true incidence of RCVS has not
been estimated. But, on the basis of our practice and published
series, we intuit that RCVS is not an uncommon disease [24,
2500, 26, 274].

Clinical Features

The proliferating case reports and series have persistently
shown a characteristic clinical picture of RCVS. Sudden
onset of single or recurrent thunderclap headache (TCH)
described as “explosive-onset” or “worst ever” is the typical
presentation in 78—100 % of cases [24, 25¢s, 26°, 27¢].
Various maneuvers that increase intracranial pressure such
as defecation, urination, coughing, and climax have been
mentioned to exacerbate or trigger the attacks of headache
[17,29]. In addition to headache, neurological deficits, either
transient or persistent, occurred in 43 % of cases in the
largest case series [25¢¢]. Seizure was also reported in 17 %
of cases in the same series. Different precipitating factors
such as serotonergic or adrenergic agents [28, 30-33], rec-
reational drugs [20, 25¢¢], and postpartum state [19, 24, 25¢¢]
have been commonly described in temporal association with
RCVS in around half of patients [24, 25¢¢, 26, 27¢]. In
contrast to PACNS, RCVS generally has a self-limiting and
monophasic course with a better outcome [17, 34e¢]; head-
aches are usually resolved within 3 weeks, with no new
symptoms 1 month after presentation.

Diagnostic Criteria of RCVS

The diagnostic criteria of Calabrese et al. have been used since
2007 (Table 1). To diagnose RCVS, all of the following
should be fulfilled: (1) severe and acute headache (often
thunderclap) with or without additional neurological signs or
symptoms; (2) direct or indirect angiography documenting

multifocal segmental cerebral artery vasoconstriction; (3) no
evidence of aneurysmal subarachnoid hemorrhage; (4) normal
or near-normal CSF analysis findings (protein concentrations
below 80 mg/dL, fewer than ten white blood cells per micro-
liter); and (5) reversibility of angiographic abnormalities with-
in 12 weeks after onset. If death occurs before the follow-up
studies are completed, autopsy rules out conditions such as
vasculitis, intracranial atherosclerosis, and aneurysmal sub-
arachnoid hemorrhage, which can also manifest themselves
as headache and stroke [17].

Evaluation of Patients Suspected of Having PACNS
or RCVS

Extensive workup is usually performed to exclude common
causes of neurological deficits, PACNS mimics, and second-
ary causes of CNS vasculitis. We will review the diagnostic
modalities that are essential when evaluating patients
suspected of having PACNS or RCVS.

Laboratory Workup

In both PACNS and RCVS, the levels of acute phase re-
actants such as C-reactive protein, erythrocyte sedimentation
rate, complete blood count, and complete metabolic profile
are normal.

The presence of anemia or elevated levels of acute phase
reactants should alert the treating physician to a secondary
process. Investigations for rheumatologic, autoinflammatory,
autoimmune, malignant, and infectious diseases by more
specific serologic tests should be properly implemented
according to the existing clinical setting. These serologic tests
give negative results in PACNS and RCVS.

Cerebrospinal Fluid Analysis

Unless contraindicated, CSF analysis is an indispensable
diagnostic tool which should be performed on all patients
suspected of having PACNS or RCVS. CSF analysis is a
relatively safe procedure that is very useful in excluding
infections and malignancies. The CSF analysis findings in
most biopsy-proven PACNS cases include a lymphocyte-
predominant pleocytosis, elevated protein level, and normal
glucose level [4, 35, 36]. Cultures and serologic tests for
infections should be performed in all patients. The extent of
excluding infectious processes should be tailored to risk
factors and the exposure of the patient.

On the other hand, a normal CSF profile is the rule in
RCVS. Mild abnormalities in the CSF can be present when
subarachnoid or intracerebral hemorrhages exist in RCVS
[17, 23, 24, 25¢].
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Neuroimaging

In PACNS, ischemic infarctions are the commonest lesions,
occurring in 53 % of cases [4]. They are often multiple and
bilateral, and affect different vascular territories of differing
size, and in various stages of healing, involving the cortex,
subcortex, and leptomeninges [37-39]. Other commonly
visualized lesions include nonspecific high-intensity lesions
in the white matter demonstrated by T2-weighted magnetic
resonance imaging (MRI) with a fluid-attenuated inversion-
recovery sequence [40]. Additional lesions include mass
lesions, meningeal enhancement, and intracranial hemor-
rhages that are seen in 5 %, 8 %, and 9 % of cases, respec-
tively [4]. MRI is a very sensitive diagnostic tool for initial
evaluation of PACNS, with sensitivity approaching 100 %
[4, 10, 41, 42]. In other words, the probability of PACNS is
extremely low if MRI images are normal.

In RCVS, MRI images can be normal in up to 20 % of
patients. Ischemic infarctions are the commonest lesions in
RCVS, occurring in 39 % of cases in the series of Singhal
et al. [25¢¢]. Infarctions can be multiple, bilateral, and sym-
metrical. Brain edema, either alone or accompanied by other
lesions, is a common finding [25¢s, 34¢¢]. As computed
tomography has been demonstrated to be more sensitive at
identifying intracranial hemorrhages, it plays a more impor-
tant role in approaching RCVS cases since intracranial hem-
orrhages are commoner in RCVS than in PACNS [24, 25¢e,
27+]. About one third of RCVS cases in the series of Singhal
et al. [25¢¢] and the series of Ducros et al. [27¢] showed
convexity subarachnoid hemorrhage (cSAH) lesions. In
RCVS, the cSAH is a nonaneurysmal subarachnoid hemor-
rhage, limited to a few sulci unilaterally or bilaterally. It is
manifested as a hyperintense lesion on fluid-attenuated
inversion-recovery MRI and a hypointense lesion on T2-
weighted MRI [34ee]. Intracerebral hemorrhage occurred
more frequently in RCVS than in PACNS, and was chiefly
described as single and lobar and in association with other
lesions [25¢¢, 27¢]. Different lesions may coexist in the same
patient [25¢¢]. Characteristically, all brain lesions have the
tendency to occur at the watershed areas, between the ante-
rior and posterior circulations [25¢e, 34ee]. The series of
Ducros et al. [27¢] described variable timing for lesions to
be visualized with the brain imaging tools; edema, cSAH,
and intracerebral hemorrhage were seen early during the first
week, whereas ischemic lesions appeared in the second week
of presentation [26°, 27¢, 34e°].

Cerebrovascular Imaging
Diffuse, bilateral, and alternating areas of stenosis and dilata-

tion seen by direct or indirect (e.g., magnetic resonance or
computed tomography) angiography referred to as “beading”
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can be found in both RCVS and PACNS [17, 25¢e, 34e¢], but
are not specific to either. In RCVS, the sensitivity of indirect
magnetic resonance angiography and computed tomography
angiography, when direct angiography is used as the gold
standard, is 70 % [24, 34e+, 43]. Beading in RCVS is usually
dynamic; areas of spasm and severity will change with time
and completely resolve within 3 months [34¢]. In PACNS,
stenosis is usually fixed, and may affect a single vessel only, in
contrast to RCVS, where the involvement of intracerebral
vessels is diffuse and bilateral. The sensitivity and specificity
of direct angiography to detect the typical findings in PACNS
are 27 % and 30 %, respectively [44, 45].

Sensitivity is limited by the resolution of angiography.
Other nonspecific angiographic findings in PACNS include
tapering of the vessel lumen of a single vessel or many
vessels and fusiform arterial dilatations, multifocal vascular
occlusions, development of collateral circulation, or delayed
contrast-medium enhancement and washout time [3¢].

High-resolution MRI is an emerging technique that may
improve the specificity of magnetic resonance angiography in
distinguishing PACNS from RCVS. High-resolution MRI has
the ability to visualize the wall of cerebral blood vessels as well
as the lumen [46, 47]. Preliminary data have revealed that
RCVS patients have no to minimal wall enhancement, in
contrast to PACNS patients, where the enhancement is stron-
ger and occurs in most patients (Fig. 1) [47, 48]. Although
these findings are very exciting, this technique remains in its
infancy and larger studies are needed to validate these findings.

Pathologic Examination of the Brain

Brain biopsy is the gold standard test that confirms the
diagnosis of PACNS. The low sensitivity combined with its
invasive nature dampens the clinician’s enthusiasm for this
diagnostic tool. False-negative biopsy findings occur in 25 %
of autopsy-proven cases [2, 49]. The explanation for this low
sensitivity is twofold; first, because of the skipping vasculitic
lesions; second, because of the inaccessibility of the affected
lesions. Biopsy ideally should target the radiologically af-
fected areas if they are amenable to biopsy. Including
leptomeninges, especially where meningeal enhancement is
seen, increases the diagnostic yield. Alternatively, tissue is
usually harvested from the nondominant temporal lobe with
overlying leptomeninges if affected lesions are not amenable
to biopsy. Despite the reluctance of some treating physicians
to order a brain biopsy, an open wedged procedure is con-
sidered a low-risk procedure in PACNS [50]. Stereotactic
biopsies have been increasingly used as well. The goals of
the biopsy are to confirm the diagnosis of PACNS and to
exclude other mimics. Even when histological features of
vasculitis are present, appropriate infectious staining and
molecular testing must be performed to rule out infectious
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Fig. 1 High-resolution magnetic resonance imaging brain axial section
after administration of gadolinium contrast medium. a Vasculitis patient
showing vessel wall enhancement and thickening (arrow), and b re-
versible cerebral vasoconstriction syndrome patient showing no vessel
wall enhancement

and malignant mimics, particularly if there is evidence of
lymphocytic involvement. The commonest histological find-
ing in PACNS is lymphocytic inflammatory reaction with a
variable number of plasma cells, histiocytes, neutrophils, and
eosinophils. Segmental granulomatous vasculitic lesions
with multinucleated giant cells occur in less than 50 % of
cases, and necrotizing vasculitis occurs in 25 % of cases.
Intimal fibrosis usually signifies healed lesions [3¢°].

In RCVS, histological examination typically shows normal
vessels [34¢¢]. Brain biopsy should not be performed for the
diagnosis of RCVS unless there is doubt about the diagnosis.

Differential Diagnosis

Differential diagnosis of PACNS is broad owing to the
nonspecific clinical and diagnostic features. The rarity of

PACNS makes consideration of other diseases more im-
portant. Diseases with multifocal cerebral thromboembo-
lisms (e.g., endocarditis, left atrial myxoma, carotid ath-
erosclerosis, antiphospholipid antibody syndrome, and
other hypercoagulable disorders) should be excluded ear-
ly in the disease course.

Radiologically, many diseases can mimic the neuroimag-
ing findings of PACNS, and these should be excluded. These
include brain tumors (e.g., intravascular lymphoma,
gliomatosis cerebri), demyelinating diseases (e.g., multiple
sclerosis), genetic conditions (e.g., cerebral autosomal domi-
nant arteriopathy with subcortical infarcts and leukoencep-
halopathy), chronic hypertension, and Susac’s syndrome [0,
51-53]. Specific disease features will help in the final diag-
nosis. For example, central snowball lesions at a special
topographic area such as corpus callosum coupled with eye
and ear involvement are characteristic of Susac’s syndrome.
Bilateral external capsule and temporal lobe hyperintensities
have high sensitivity and specificity for diagnosis of cerebral
autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy [3ee].

Further, multiple entities can mimic the cerebrovascular
abnormalities seen in PACNS. In our experience, RCVS is
the commonest angiographic mimic of PACNS. The typical
TCH presentation in RCVS as compared with the insidious
headaches in PACNS, coupled with the associated triggers
and normal CSF analysis findings, favors the diagnosis of
RCVS (Table 2). Moreover, premature intracranial athero-
sclerosis is a very common diagnosis that mimics the cere-
bral angiographic abnormalities seen in PACNS. Atheroscle-
rosis is usually distinguished by the presence of risk factors,
the infrequency of headache, and normal CSF analysis find-
ings [3e]. Radiation vasculopathy should be considered
when a history of cranial irradiation is present [54, 55].
Likewise, fibromuscular dysplasia and Moyamoya disease
are other causes of cerebrovascular abnormalities that should
be excluded. These are easily distinguished from PACNS as
they affect the proximal intracranial and extracranial vessels
[3+°].

Secondary CNS vasculitis should be differentiated from
PACNS. This differentiation has a major influence on the
management, especially when an infection is the cause of
vasculitis. Immunosuppressive therapy, which is the funda-
mental therapy for PACNS, has a catastrophic outcome when
infection is the cause of vasculitis. Many infections have
been known to cause angiocentric inflammatory disease
and must be ruled out early by blood tests, CSF analysis,
and biopsy [40]. CNS vasculitis is one of the most serious
complications of varicella zoster virus (VZV) infection [56].
Two distinct variants have been reported. A history of char-
acteristic dermatomal rash associated with or followed by
neurological deficits in old patients is the typical case in the
large-vessel variant of VZV vasculitis. It has a propensity to
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Table 2 Differentiating PACNS and RCVS

PACNS

RCVS

Gender and mean age at onset Male, 50 years

Clinical presentation

Clinical course
CSF findings

Common neuroimaging findings

Chronic, relapsing

Vascular findings Normal in one third of cases

Histological findings Vasculitic changes
Immunosuppressive therapy Essential

Prognosis

Insidious with subacute onset of headache
with focal and nonfocal deficit

Lymphocytic pleocytosis and elevated protein levels

Ischemic, high intensity T2/FLAIR lesions
Abnormal MRI images in 100 % of cases

Improved with immunosuppressive therapy

Female, 42 years

Acute onset of thunderclap headache with
or without neurological deficit

Remission within 1 month, monophasic
Normal

Ischemic, edema, cSAH, ICH

Normal MRI images in 20 % of cases
Abnormal in all cases

Normal

Not indicated

Excellent

¢SAH convexity subarachnoid hemorrhage, FLAIR fluid-attenuated inversion recovery, /CH intracranial hemorrhage

affect the middle cerebral artery and occasionally the internal
carotid artery. Angiographic lesions are similar to those of
PACNS [57]. In the small-vessel variant, patients have a
picture indistinguishable from PACNS that is only differen-
tiated by dogmatizing the molecular evidence of viral infec-
tion. Either positive CSF VZV polymerase chain reaction or
VZV antibodies are sufficient to confirm the VZV vasculitis
[56]. The spectrum of CNS disease in human immunodefi-
ciency virus (HIV) infection is wide and complex. HIV has a
predilection to affect the CNS primarily, even though opportu-
nistic CNS infections and other diseases, resulting from immu-
nodeficiency, account more for the CNS involvement in HIV
patients [58]. CNS vasculitis presenting separately or com-
bined with other processes such as encephalitis has been re-
ported owing to HIV itself or secondary to related infections
and malignancies [58]. Other presentations include diffuse
arteritis, angiocentric lymphoproliferative lesions, and classic
GACNS [59]. Neurosyphilis is frequently reported in associa-
tion with HIV-positive patients; CNS vasculitis is one of the
manifestations [60, 61]. Other infections such as hepatitis C,
tuberculosis, Lyme disease, and neurocysticercosis should be
distinguished from PACNS. Appropriate history of exposure
and eliciting host risk factors are important features of the
workup in all patients suspected of having PACNS [59, 62, 63].

CNS vasculitis has been reported in many systemic vas-
culitides and autoinflammatory systemic diseases. In gener-
al, it is very unlikely to be the sole and first presentation for
the primary disease. It usually occurs years after the primary
diagnosis has been established (e.g., after 5 years in Behget’s
syndrome) [64]. Nevertheless, other explanations for the
occurring neurological dysfunction, either primary or sec-
ondary phenomena, must be considered first. Opportunistic
infections, drug side effects or toxicity, and metabolic dys-
function are secondary phenomena of particular importance,
especially in those patients with multisystemic involvement
of the primary disease or who are using immunosuppressive
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therapy [65]. Polyarteritis nodosa [66], microscopic polyan-
giitis [67], Behget’s syndrome [68, 69], granulomatosis with
polyangiitis [70], and eosinophilic granulomatosis with po-
lyangiitis [71, 72] are the commonest systemic vasculitides
reported to affect the CNS vessels [65]. Systemic lupus
erythematosus, Sjogren’s syndrome, rheumatoid arthritis
[73, 74], and mixed connective tissue diseases may also
target the CNS vessels. Autopsy studies in individuals with
systemic lupus erythematosus revealed that CNS vasculitis is
rare [75].

In the case of RCVS, all causes of TCH are usually sought
and excluded in the first encounter. Aneurysmal subarach-
noid hemorrhage is the commonest cause [76]. Unlike
RCVS, the subarachnoid hemorrhage secondary to aneurys-
mal rupture is diffuse, not limited to a few sulci. The finding
of an aneurysm confirms the diagnosis of aneurysmal sub-
arachnoid hemorrhage. Perimesencephalic hemorrhage,
which is the commonest cause of nonaneurysmal subarach-
noid hemorrhage, should also be excluded [76]. Associated
neck or face pain raises suspicion of cervical arterial dissec-
tion. Other entities that can present with TCH, such as
pituitary apoplexy, cerebral venous sinus thrombosis, colloid
cyst, and spontaneous intracranial hypotension, should be
considered in the proper situation [77]. Other primary head-
ache syndromes such as primary TCH and migraine have
special characteristics in the history and cerebrovascular
studies (the findings being normal) that help to differentiate
them from RCVS.

Management and Outcome

PACNS has been historically reported as a devastating disorder
with a dreadful outcome [1]. The use of immunosuppressive
therapy in the 1980s [2] was a distinctive milestone in the
development of PACNS management which has apparently
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improved survival since that time [36]. Owing to the absence
of controlled studies, therapeutic regimens have been extrapo-
lated from the management of small-vessel and medium-sized-
vessel systemic vasculitides and are based on the practice of
experts [40, 78]. Aggressive therapy with glucocorticoids and
intravenously or orally administered cyclophosphamide has
been used for GACNS. After induction of remission, typically
in 3-6 months, cyclophosphamide therapy is switched to
maintenance therapy with other agents such as mycophenolate
mofetil or azathioprine. For other variants of PACNS, gluco-
corticoids are used initially, and other immunosuppressive
agents are added depending on the extent of the disease and
the associated deficits [3¢¢, 65]. No data are available on the
duration of treatment; however, we continue maintenance im-
munosuppressive therapy if there are no contraindications or
adverse effects. Follow-up to assess the disease activity and
side effects of medications should be performed periodically.
Disease activity is evaluated using the clinical situation, CSF
analysis, MRI, and cerebrovascular studies. Of important note,
for any emerging neurological dysfunction, opportunistic in-
fections, drug side effects or toxicity, and metabolic dysfunc-
tion related to the therapy should also be excluded before a
relapse is diagnosed.

Secondary vasculitis should be managed in the context of
the primary causing disease. When it is secondary to infec-
tion, antimicrobial agents are the core treatment; immuno-
suppressive therapy may be added in some situations. For
example, the combination of acyclovir and glucocorticoids is
the core of treatment in VZV-related CNS vasculitis [57].

Other adjuvant therapies are usually used for symptomatic
treatment and prevention of further complications associated
with the vasculitis itself or the medications. Risk factor mod-
ifications to prevent premature and accelerated atherosclero-
sis, proper precautions for opportunistic infections and side
effects associated with immunosuppressive medications, vita-
min D and calcium supplements to prevent steroid-induced
osteoporosis, antiplatelet medications for stroke prevention,
analgesics, and antipsychotics are examples.

In general, RCVS is a self-limiting disorder, with com-
plete recovery within 1 month [34e+]. Avoiding exacerbating
factors and precipitants are an important part of the manage-
ment plan. Orally administered calcium channel blockers
such as verapamil and nimodipine are commonly used med-
ications [34ee, 79], but there is no evidence that they alter
outcomes in RCVS [25¢¢]. Calcium channel blockers help in
controlling the headaches in RCVS. In many patients the
episode resolves without any treatment. Other therapeutic
interventions such as intravenously administered magnesium
sulfate and prostacyclin or intra-arterially administered cal-
cium channel blockers have been reported with variable
success and need further investigation [34ee, 79]. Many in-
vestigators caution against any cerebral intra-arterial manip-
ulation giving the risk of rebound reperfusion injury, which

can be devastating [80]. The outcome of RCVS patients is
certainly more favorable than that of PACNS patients. Ex-
cellent clinical outcome with a modified Rankin score of 0—1
occurs in 78 % of cases, whereas severe deficit (modified
Rankin score of 4-5) was reported in 9 % of cases and death
was reported in 2 % of cases [25¢¢].

Conclusion

The great merit for better understanding of PACNS in the last
decade is returning to recognition of RCVS. This new era has
witnessed a flourishing in the medical literature of many
studies that have demystified the various features of both
PACNS and RCVS. Still, large-scale epidemiologic and
case—control studies should be designed to expatiate on the
different aspects of those diseases, such as epidemiologic
properties, pathogenesis, diagnostic tools, management strat-
egies, and follow-up algorithms. Substantial work is current-
ly being done to study the pathogenic and diagnostic role of
blood and CSF biomarkers in RCVS. Studies on the diag-
nostic and follow-up roles of high-resolution MRI and the
International Study of Primary Angiitis of the Central Ner-
vous System (INTERSPACE) are other examples. Multidis-
ciplinary cooperation is essentially required to face these
challenges and achieve considerable progress in the coming
years.

Conflict of Interest Tariq A. Hammad declares no conflict of interest.
Rula A. Hajj-Ali declares no conflict of interest.

Human and Animal Rights and Informed Consent This article
does not contain any studies with human or animal subjects performed
by any of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

e Of importance

e Of major importance

1. Cravioto H, Feigin I. Noninfectious granulomatous angiitis with a
predilection for the nervous system. Neurology. 1959;9:599-609.

2. Cupps TR, Moore PM, Fauci AS. Isolated angiitis of the central
nervous system. Prospective diagnostic and therapeutic experience.
Am J Med. 1983;74(1):97-105.

3. = Hajj-Ali RA, Singhal AB, Benseler S, Molloy E, Calabrese LH.
Primary angiitis of the CNS. Lancet Neurol. 2011;10(6):561-72. 4
comprehensive recent review of CNS vasculitis.

@ Springer



346, Page 8 of 9

Curr Atheroscler Rep (2013) 15:346

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Salvarani C, Brown Jr RD, Calamia KT, Christianson TJ, Weigand
SD, Miller DV, et al. Primary central nervous system vasculitis:
analysis of 101 patients. Ann Neurol. 2007;62(5):442-51.

. Calabrese LH, Mallek JA. Primary angiitis of the central nervous

system. Report of 8 new cases, review of the literature, and pro-
posal for diagnostic criteria. Medicine (Baltimore). 1988;67(1):20—
39.

. Lie JT. Primary (granulomatous) angiitis of the central nervous

system: a clinicopathologic analysis of 15 new cases and a review
of the literature. Hum Pathol. 1992;23(2):164-71.

. Gallagher KT, Shaham B, Reiff A, Tournay A, Villablanca JP,

Curran J, et al. Primary angiitis of the central nervous system in
children: 5 cases. J] Rheumatol. 2001;28:616-23.

. Lanthier S, Lortie A, Michaud J, Laxer R, Jay V, deVeber G.

Isolated angiitis of the CNS in children. Neurology. 2001;56:837—
42.

. Yaari R, Anselm IA, Szer IS, Malicki DM, Nespeca MP, Gleeson

JG. Childhood primary angiitis of the central nervous system: two
biopsy-proven cases. J Pediatr. 2004;145:693—7.

Calabrese LH, Duna GF, Lie JT. Vasculitis in the central nervous
system. Arthritis Rheum. 1997;40(7):1189-201.

Lie JT. Angiitis of the central nervous system. Curr Opin
Rheumatol. 1991;3(1):36-45.

Younger DS. Vasculitis of the nervous system. Curr Opin Neurol.
2004;17(3):317-36.

Pagni F, Isimbaldi G, Vergani F, Casiraghi P, Marzorati L,
Migliorino G, et al. Primary angiitis of the central nervous system:
2 atypical cases. Folia Neuropathol. 2012;50(3):293-9.

Salvarani C, Brown Jr RD, Calamia KT, Christianson TJ, Huston
3rd J, Meschia JF, et al. Primary CNS vasculitis with spinal cord
involvement. Neurology. 2008;70(24 Pt 2):2394-400.

Molloy ES, Singhal AB, Calabrese LH. Tumour-like mass lesion:
an under-recognised presentation of primary angiitis of the central
nervous system. Ann Rheum Dis. 2008;67(12):1732-5.

Salvarani C, Brown Jr RD, Calamia KT, Christianson TJ, Huston
3rd J, Meschia JF, et al. Primary central nervous system vasculitis:
comparison of patients with and without cerebral amyloid
angiopathy. Rheumatology (Oxford). 2008;47(11):1671-7.
Calabrese LH, Dodick DW, Schwedt TJ, Singhal AB. Narrative
review: reversible cerebral vasoconstriction syndromes. Ann Intern
Med. 2007;146(1):34—44.

Serdaru M, Chiras J, Cujas M, Lhermitte F. Isolated benign cerebral
vasculitis or migrainous vasospasm? J Neurol Neurosurg
Psychiatry. 1984;47:73—6.

Singhal AB. Postpartum angiopathy with reversible posterior
leukoencephalopathy. Arch Neurol. 2004;61:411-16.

Martin K, Rogers T, Kavanaugh A. Central nervous system
angiopathy associated with cocaine abuse. J Rheumatol. 1995;
22:780-82.

Call GK, Fleming MC, Sealfon S, Levine H, Kistler JP, Fisher
CM. Reversible cerebral segmental vasoconstriction. Stroke.
1988;19:1159-70.

Calabrese LH, Gragg LA, Furlan AJ. Benign angiopathy: a distinct
subset of angiographically defined primary angiitis of the central
nervous system. ] Rheumatol. 1993;20:2046-50.

Hajj-Ali RA, Furlan A, Abou-Chebel A, Calabrese LH. Benign
angiopathy of the central nervous system: cohort of 16 patients’
with clinical course and long-term follow up. Arthritis Rheum.
2002;47:662—-69.

Ducros A, Boukobza M, Porcher R, Sarov M, Valade D, Bousser
MG. The clinical and radiological spectrum of reversible cerebral
vasoconstriction syndrome: a prospective series of 67 patients.
Brain. 2007;130:3091-101.

+« Singhal AB, Hajj-Ali RA, Topcuoglu MA, et al. Reversible
cerebral vasoconstriction syndromes: analysis of 139 cases. Arch
Neurol. 2011;68:1005—12. Largest series of RCVS reported to date.

@ Springer

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

* Chen SP, Fuh JL, Wang SJ, et al. Magnetic resonance angiography

in reversible cerebral vasoconstriction syndromes. Ann Neurol.
2010;67:648-56. Radiologic findings in RCVS.

* Ducros A, Fiedler U, Porcher R, Boukobza M, Stapf C, Bousser
MG. Hemorrhagic manifestations of reversible cerebral vasocon-
striction syndrome: frequency, features, and risk factors. Stroke.
2010;41:2505-11. Prospective series of RCVS.

Abruzzo T, Patino M, Leach J, Rahme R, Geller J. Cerebral vaso-
constriction triggered by sympathomimetic drugs during intra-
arterial chemotherapy. Pediatr Neurol. 2013;48(2):139-42.

Chen SP, Fuh JL, Lirng JF, Chang FC, Wang SJ. Recurrent primary
thunderclap headache and benign CNS angiopathy: spectra of the
same disorder? Neurology. 2006;67:2164—69.

Anderson NE, Chung K, Willoughby E, Croxson MS. Neurological
manifestations of phaeochromocytomas and secretory paragan-
gliomas: a reappraisal. J Neurol Neurosurg Psychiatry. 2013;84(4):
452-17.

Palma JA, Fontes-Villalba A, Irimia P, Garcia-Eulate R, Martinez-
Vila E. Reversible cerebral vasoconstriction syndrome induced by
adrenaline. Cephalalgia. 2012;32(6):500—4.

Oz O, Demirkaya S, Bek S, Eroglu E, Ulas UH, Odabasi Z.
Reversible cerebral vasoconstriction syndrome: case report. J
Headache Pain. 2009;10(4):295-8.

Singhal AB, Caviness VS, Begleiter AF, Mark EJ, Rordorf G,
Koroshetz WJ. Cerebral vasoconstriction and stroke after use of
serotonergic drugs. Neurology. 2002;58:130-33.

¢ Ducros A. Reversible cerebral vasoconstriction syndrome. Lancet
Neurol. 2012;11(10):906-17. A comprehensive recent review of
RCVS.

Calabrese LH, Furlan AJ, Gragg LA, Ropos TJ. Primary angiitis of
the central nervous system: diagnostic criteria and clinical ap-
proach. Cleve Clin J Med. 1992;59(3):293-306.

Younger DS, Kass RM. Vasculitis and the nervous system.
Historical perspective and overview. Neurol Clin. 1997;15(4):
737-58.

Hurst RW, Grossman RI. Neuroradiology of central nervous system
vasculitis. Semin Neurol. 1994;14(4):320—40.

Greenan TJ, Grossman RI, Goldberg HI. Cerebral vasculitis: MR
imaging and angiographic correlation. Radiology. 1992;182(1):65-72.
Pizzanelli C, Catarsi E, Pelliccia V, Cosottini M, Pesaresi I, Puglioli
M, et al. Primary angiitis of the central nervous system: report of
eight cases from a single Italian center. J Neurol Sci. 2011;307(1—
2):69-73.

Hajj-Ali RA, Calabrese LH. Primary angiitis of the central nervous
system. Autoimmun Rev. 2013;12(4):463—6.

Volcy M, Toro ME, Uribe CS, Toro G. Primary angiitis of the
central nervous system: report of five biopsy-confirmed cases from
Colombia. J Neurol Sci. 2004;227(1):85-9.

Birnbaum J, Hellmann DB. Primary angiitis of the central nervous
system. Arch Neurol. 2009;66(6):704-9.

Marder CP, Donohue MM, Weinstein JR, Fink KR. Multimodal
imaging of reversible cerebral vasoconstriction syndrome: a series
of 6 cases. AJNR Am J Neuroradiol. 2012;33(7):1403-10.
Vollmer TL, Guarnaccia J, Harrington W, Pacia SV, Petroff OA.
Idiopathic granulomatous angiitis of the central nervous system.
Diagnostic challenges. Arch Neurol. 1993;50(9):925-30.

Duna GF, Calabrese LH. Limitations of invasive modalities in the
diagnosis of primary angiitis of the central nervous system. J
Rheumatol. 1995;22(4):662-7.

Bley TA, Uhl M, Carew J, Markl M, Schmidt D, Peter HH, et al.
Diagnostic value of high-resolution MR imaging in giant cell
arteritis. AJNR Am J Neuroradiol. 2007;28(9):1722-7.

Mandell DM, Matouk CC, Farb RI, Krings T, Agid R, terBrugge K,
et al. Vessel wall MRI to differentiate between reversible cerebral
vasoconstriction syndrome and central nervous system vasculitis:
preliminary results. Stroke. 2012;43(3):860-2.



Curr Atheroscler Rep (2013) 15:346

Page 9 of 9, 346

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

8.

59.

60.

61.

62.

63.

64.

Cerejo R, Hammad T, Obusez E, et al. Vessel wall characteristics
using high resolution magnetic resonance imaging in reversible
cerebral vasoconstriction syndrome and central nervous system
vasculitis. In: Proceedings of the 16th International Vasculitis and
ANCA Workshop; 2013 April 14-17; Paris, France.

Parisi JE, Moore PM. The role of biopsy in vasculitis of the central
nervous system. Semin Neurol. 1994;14(4):341-8.

Alrawi A, Trobe JD, Blaivas M, Musch DC. Brain biopsy in
primary angiitis of the central nervous system. Neurology. 1999;
53(4):858-60.

Maramattom BV, Giannini C, Manno EM, Wijdicks EF, Campeau
NG. Gliomatosis cerebri angiographically mimicking central ner-
vous system angiitis: case report. Neurosurgery. 2006;58(6):E1209.
discussion E1209.

Engelter ST, Rueegg S, Kirsch EC, Fluri F, Probst A, Steck AJ,
et al. CADASIL mimicking primary angiitis of the central nervous
system. Arch Neurol. 2002;59(9):1480-3.

Vattoth S, Compton CJ, Roberson GH, Vaphiades MS. Susac syn-
drome. A differential diagnosis for demyelination. Neurosciences
(Riyadh). 2013;18(1):74-8.

Ferroir JP, Marro B, Belkacemi Y, Stilhart B, Schlienger M.
Cerebral infarction related to intracranial radiation arteritis
twenty-four years after encephalic radiation therapy. Rev Neurol
(Paris). 2007;163(1):96-8.

Manion B, Sung WS. Radiation-induced Moyamoya disease after
childhood astrocytoma. J Clin Neurosci. 2011;18(10):1403-5.
Gilden D, Mahalingam R, Nagel MA, Pugazhenthi S, Cohrs RJ.
Review: the neurobiology of varicella zoster virus infection.
Neuropathol Appl Neurobiol. 2011;37(5):441-63.

Gilden D, Cohrs RJ, Mahalingam R, Nagel MA. Varicella zoster
virus vasculopathies: diverse clinical manifestations, laboratory fea-
tures, pathogenesis, and treatment. Lancet Neurol. 2009;8(8):731—
40.

Mossakowski MJ, Zelman IB. Neuropathological syndromes in the
course of full blown acquired immune deficiency syndrome (AIDS)
in adults in Poland (1987-1995). Folia Neuropathol. 1997;35(3):133—
43.

Hajj-Ali RA. Primary angiitis of the central nervous system: differ-
ential diagnosis and treatment. Best Pract Res Clin Rheumatol.
2010;24(3):413-26.

Kolokolov OV, Tikhonova LA, Bakulev AL, Sholomov II, Zuev
VYV, Kolesnikov Al Syphilitic cerebral vasculitis: diagnostic pos-
sibilities. Zh Nevrol Psikhiatr Im S S Korsakova. 2012;112(4):11—
7.

Kakumani PL, Hajj-Ali RA. A forgotten cause of central nervous
system vasculitis. J] Rheumatol. 2009;36(3):655.
Barinagarrementeria F, Cantu C. Frequency of cerebral arteritis in
subarachnoid cysticercosis: an angiographic study. Stroke.
1998;29(1):123-5.

Oschmann P, Dorndorf W, Hornig C, et al. Stages and syndromes of
neuroborreliosis. J Neurol. 1998;245(5):262—72.

Berlit P. Diagnosis and treatment of cerebral vasculitis. Ther Adv
Neurol Disord. 2010;3(1):29-42.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

Hajj-Ali RA, Calabrese LH. Central nervous system vasculitis.
Curr Opin Rheumatol. 2009;21(1):10-8.

Pagnoux C, Seror R, Henegar C, Mahr A, Cohen P, Le Guern V,
et al. French Vasculitis Study Group. Clinical features and out-
comes in 348 patients with polyarteritis nodosa: a systematic retro-
spective study of patients diagnosed between 1963 and 2005 and
entered into the French Vasculitis Study Group Database. Arthritis
Rheum. 2010;62(2):616.

Oh JS, Lee CK, Kim YG, Nah SS, Moon HB, Yoo B. Clinical
features and outcomes of microscopic polyangiitis in korea. J
Korean Med Sci. 2009;24(2):269-74.

Talarico R, d’Ascanio A, Figus M, Stagnaro C, Ferrari C, Elefante
E, et al. Behget’s disease: features of neurological involvement in a
dedicated center in Italy. Clin Exp Rheumatol. 2012;30(3 Suppl
72):569-72.

Essaadouni L, Jaafari H, Abouzaid CH, Kissani N. Neurological
involvement in Behget’s disease: evaluation of 67 patients. Rev
Neurol (Paris). 2010;166(8-9):727-33.

Nishino H, Rubino FA, DeRemee RA, Swanson JW, Parisi JE.
Neurological involvement in Wegener’s granulomatosis: an analy-
sis of 324 consecutive patients at the Mayo Clinic. Ann Neurol.
1993;33(1):4-9.

Sehgal M, Swanson JW, DeRemee RA, Colby TV. Neurologic
manifestations of Churg-Strauss syndrome. Mayo Clin Proc.
1995;70(4):337-41.

Wolf J, Bergner R, Mutallib S, Buggle F, Grau AJ. Neurologic
complications of Churg-Strauss syndrome—a prospective monocentric
study. Eur J Neurol. 2010;17(4):582-8.

Guadalupe Loya-de la Cerda D, Avilés-Solis JC, Delgado-
Montemayor MJ, Camara-Lemarroy CR, Galarza-Delgado DA.
Isolated rheumatoid arthritis-associated cerebral vasculitis: a diag-
nostic challenge. Joint Bone Spine. 2013;80(1):88-90.

Akrout R, Bendjemaa S, Fourati H, Ezzeddine M, Hachicha I,
Mhiri C, et al. Cerebral rheumatoid vasculitis: a case report. J
Med Case Rep. 2012;6(1):302.

Ellis SG, Verity MA. Central nervous system involvement in sys-
temic lupus erythematosus: a review of neuropathologic findings in
57 cases, 1955-1977. Semin Arthritis Rheum. 1979;8(3):212-21.
Van Gijn J, Rinkel GJ. Subarachnoid haemorrhage: diagnosis,
causes and management. Brain. 2001;124:249¢78.

Mortimer AM, Bradley MD, Stoodley NG, Renowden SA.
Thunderclap headache: diagnostic considerations and neuroimag-
ing features. Clin Radiol. 2013;68(3):e101-13.

Mukhtyar C, Guillevin L, Cid MC, Dasgupta B, de Groot K, Gross W,
et al. EULA recommendations for the management of primary small
and medium vessel vasculitis. Ann Rheum Dis. 2009;68(3):310-7.
Velez A, McKinney JS. Reversible cerebral vasoconstriction syn-
drome: a review of recent research. Curr Neurol Neurosci Rep.
2013;13(1):319.

Singhal AB, Kimberly WT, Schaefer PW, Hedley-Whyte ET. Case
records of the Massachusetts General Hospital. Case 8—2009. A 36-
year-old woman with headache, hypertension, and seizure 2 weeks
post partum. N Engl J Med. 2009;360(11):1126-37.

@ Springer



	Primary Angiitis of the Central Nervous System and Reversible Cerebral Vasoconstriction Syndrome
	Abstract
	Introduction
	Epidemiology
	Clinical Features
	Subsets of PACNS
	Diagnostic Criteria of PACNS
	Reversible Cerebral Vasoconstriction Syndromes

	Epidemiology
	Clinical Features
	Diagnostic Criteria of RCVS
	Evaluation of Patients Suspected of Having PACNS or RCVS

	Laboratory Workup
	Cerebrospinal Fluid Analysis
	Neuroimaging
	Cerebrovascular Imaging
	Pathologic Examination of the Brain
	Differential Diagnosis
	Management and Outcome
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



