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Abstract

Cerebral vasculitis is increasingly recognized as a common cause of pediatric arterial stroke. It can present with focal
neurological deficits, psychiatric manifestations, seizures, and encephalopathy. The etiopathogenesis of childhood cerebral
vasculitis (CCV) is multifactorial, making an inclusive classification challenging. In this review, we describe the common
and uncommon CCV with a comprehensive discussion of etiopathogenesis, the role of various imaging modalities, and
advanced techniques in diagnosing CCV. We also highlight the implications of relevant clinical, laboratory, and genetic
findings to reach the final diagnosis. Based on the clinicoradiological findings, a stepwise diagnostic approach is proposed
to facilitate CCV diagnosis and rule out potential mimics. Identification of key clinical manifestations, pertinent blood
and cerebrospinal fluid results, and evaluation of central nervous system vessels for common and disease-specific findings
will be emphasized. We discuss the role of magnetic resonance imaging, MR angiography, and vessel wall imaging as
the imaging investigation of choice, and reservation of catheter angiography as a problem-solving tool. We emphasize the
utility of brain and leptomeningeal biopsy for diagnosis and exclusion of imitators and masqueraders.

Keywords Systemic vasculitis - COL-gene related disorder - Non-inflammatory vasculopathy - TGF B-signaling
pathway - Primary angiitis of CNS

Highlights

1. Elucidate working classification and comprehensive dis-
cussion of the frequent and less common causes of CCV
with a brief mention of their etiopathogenesis.

2. Describe the precise role of various imaging modalities
and advanced techniques in evaluating CCV, demonstrat-
ing the specific and nonspecific imaging findings.

3. Review the genetic mutations associated with CCV and
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Fig. 1 Diagnostic algorithm
for the evaluation of suspected
Childhood Cerebral Vasculi-
tis. CSF cerebrospinal fluid,
vWF von Willebrand factor,
MRI magnetic resonance imag-
ing, MRA magnetic resonance
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multiple ways although challenged by poorly understood
pathophysiology and vague diagnostic criteria [3]. Recent
research advancements evaluating inflammatory markers,
cerebrospinal fluid (CSF) analysis, dedicated neuroimag-
ing, and brain biopsy have addressed some of these issues
and helped to better understand disease mechanisms. Vessel
wall imaging (VWI) is a promising tool to assess medium
to large vessel disease, but biopsy is usually needed for
small vessel vasculitis [4]. In this article, we describe the
salient imaging findings that help narrow the differential
diagnostic possibilities and facilitate CCV diagnosis. We
also recommend a stepwise clinicoradiological evaluation
and a working classification based on literature review and
personal experience to guide appropriate management.

Classification

The classification systems for CCV are diverse and the sub-
ject of an ongoing debate. Central nervous system (CNS)
vasculitis has traditionally been classified as primary CNS
vasculitis, idiopathic with isolated CNS involvement and
secondary CNS vasculitis as a part of systemic disease due
to numerous entities, including rheumatological, infective,
drug or treatment-related causes [5]. Currently, CCV is clas-
sified based on [1] etiology, into primary/idiopathic and
secondary; [2] histological pattern, into granulomatous and
non-granulomatous [3]; vessel size, into small, medium,
or large vessel vasculitis [4]; clinical phenotypes, into pri-
mary and secondary vasculitis as well as [5] disease course,
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comprising transient, non-progressive or progressive, and
monophasic or recurrent types [6].

Diagnostic Assessment

CCV is rarely a prospective diagnosis and is mostly pre-
sumed after initial evaluation. The confirmed diagnosis
would require detailed laboratory evaluation (blood work
and CSF), imaging studies, and in most cases, histopatho-
logical evaluation to confirm the diagnosis [7]. A step-by-
step diagnostic algorithm (Fig. 1) for evaluating suspected
CCV is desirable, incorporating laboratory and imaging
findings. Brain and leptomeningeal biopsy remains the ref-
erence standard and is performed in suspected cases with
inconclusive clinicoradiological assessment [8].

Laboratory Evaluation Laboratory analysis, especially the
cell counts and inflammatory markers in the blood and the
CSF, coagulation profile, and liver and renal function tests
are non-diagnostic due to lack of specificity and support
the presumptive diagnosis of CCV [1, 9]. The main role
is to rule out pre-existing diseases, systemic vasculitis, in-
fections, or drug toxicity. It also helps predict the disease
activity, treatment response, and prognosis [7].

Blood Investigations Frequently utilized blood tests include
complete hemogram, inflammatory biomarkers (leukocyte
counts, CRP, ESR), bleeding and coagulation profile, liver
and renal function tests. The toxic-metabolic screen and an-
tibody titer assessment (anti-nuclear antibody [ANA], anti-
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Table 1 Role of dedicated MR

. Sequences
sequences to assess the child- d

Assessment

T2 & FLAIR

T1 (Pre-Gd & post-Gd)
Diffusion-weighted
imaging (DWI)
Susceptibility-weighted
imaging (SWI)

MR angiogra-

phy (MRA)

Vessel wall imaging

hood cerebral vasculitis

tions

ment

Edema, gliosis, and ischemic changes
Abnormal parenchymal and leptomeningeal enhancement

Acuity and distribution of the ischemic changes
Micro hemorrhages and/or stasis
Vessel lumen for luminal irregularity, tortuosity, aneurysms, and rare dissec-

Assessment of vessel wall for circumferential wall thickening and enhance-

neutrophilic cytoplasmic autoantibodies [ANCA], anti-
phospholipid antibody [APLA]) should be performed
to rule out secondary vasculitis [10]. The inflammatory
biomarkers are more frequently abnormal in secondary
CCV and angio-negative childhood PACNS (AN-cPACNS)
than angio-positive childhood PACNS (AP-cPACNS), sug-
gesting relatively limited inflammation in AP-cPACNS
[11]. Von Willebrand factor (vWF) is a well-established
marker in cPACNS, mirroring disease activity and helps
assess the treatment response and prognosis [12].

CSF Analysis CSF parameters reflect the CNS biochem-
ical milieu and reveal ongoing disease processes. They
can suggest a specific diagnosis and rule out etiologies
such as infections, inflammatory brain diseases, and neu-
ronal or autoantibody-related disorders, including systemic
vasculitis, rheumatoid disease, demyelination, and autoim-
mune encephalitis [9]. The CSF inflammatory biomarkers
(leukopleocytosis, normal/decreased sugar, elevated pro-
tein, oligoclonal bands) are more frequently abnormal
in secondary CCV and AN-cPACNS compared to AP-
cPACNS [10-13].

Imaging Evaluation Imaging modalities, including ultra-
sound Doppler, CT, MRI, and catheter angiography (CA)
play a quintessential role in the detection and classification
of CCV.

Ultrasound Doppler Helps assess extracranial medium to
large vessel wall thickening, flow abnormality, and luminal
stenosis [14].

CT Non-enhanced CT has a limited role. In an emergency
setting, it rules out hemorrhage or infarction [15]. Con-
trast-enhanced CT and CTA may demonstrate enhancing
parenchymal lesions, leptomeningeal enhancement, and
vascular abnormality; however, CECT/CTA is not usually
preferred in children due to limited vessel wall assessment
and radiation exposure [14, 16, 17].

MRI Investigation of choice to assess suspected CCV. It
can demonstrate parenchymal changes (edema, infarction,
and microhemorrhages), vascular abnormalities by evalu-
ating involved vessel size, wall enhancement pattern, and
outlining ancillary findings, including leptomeningeal en-
hancement [5, 18-20]. The cross-sectional (CT and MR)
angiographic techniques are not reliable in the evaluation of
the distal intracranial arteries. It is challenging to differen-
tiate CCV from other causes of luminal narrowing, includ-
ing reversible cerebral vasoconstriction syndrome (RCVS),
especially in the absence of vessel wall imaging (VWI)
which further reduces the accuracy [21-24]. The inclusion
of VWI increased the diagnostic accuracy of MR angiogra-
phy (MRA) from mere 8.3% to 95.8% in identifying vas-
culitis [25].

VWI is crucial for precisely assessing vessel wall thick-
ening and enhancement and helps differentiate inflamma-
tory vasculitis from other mimics, including non-inflamma-
tory vasculopathy [14, 15]. The technical considerations for
VWI vary depending on the magnetic field strength and var-
ious hardware configurations. The important considerations
to achieve the higher spatial resolution and signal to noise
ratio include a 3T or higher magnetic field strength, a 32 or
64-channel head coil over an 8 or 12-channel head coil to
increase peripheral resolution, along with combination of
a precontrast and postcontrast T1-weighted anisotropic 2D
and isotropic 3D sequences based on the specific clinical
indication [26, 27]. An important consideration in perform-
ing VWI, specifically in younger patients, in the evaluation
and follow-up of CCV includes repetitive use of gadolin-
ium-based contrast agent [28]. The role of dedicated MR
sequences in the evaluation of CCV is summarized in Ta-
ble 1.

Catheter Angiography (CA): Excellent for diagnosing and
assessing most vascular disorders [15, 20]; however, its use
is limited in children due to the invasive nature and tech-
nical difficulties. Moreover, small-vessel vasculitis may not
be apparent on CA with the sensitivity and specificity in de-
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Table 2 Classification of the childhood cerebral vasculitis (CCV) based on etiology and vessel size

Primary CNS

Small vessel

Medium to large vessel

vasculitis AN-cPACNS APP-cPACNS
APNP-cPACNS
Secondary CNS Infectious/post-  Viral Bacterial Fungal Spirochetal
vasculitis Infectious HBV, HCV, HIV, GAS, GBS, TB, Candida, Aspergillus, Borrelia burgdorferi
VZV,CMV Mycoplasma Actinomycosis Syphilis

Non inflammatory
vasculopathy

Rare mutations

Systemic Vas-
culitis

Rheumatic
disorders

Others

Small vessel
ANCA+ve: GPA-
cANCA, MPA-
PANCA, EGPA-
PANCA,
ANCA-ve: HSP
Juvenile SLE
Juvenile SSc

Drug-induced
Illegal & therapeu-
tic drugs

FMD

ADA2
Aicardi
Goutieres syndrome

Medium vessel
PAN, Kawasaki
disease

Sjogren’s syndrome

Radiation-induced
Radiation vascu-
lopathy

Down’s syndrome

ACTA2
MYHI11

Large vessel
Takayasu arteritis

Juvenile Dermatomyositis

Malignancy-related
Lymphoma

Leukemia

Moyamoya disease, SCD,
Thalassemia

COL-gene related disor-
der:
COL3A1 Gene-re-

Variable
Behget’s disease

IBD, HLH

GVHD
HSCT

Connective tissue
disorders

TGF-p pathway:
Marfan
LDS

Mimics Dissection

Migraine va-
sospasm

lated Type 4 (Vasculo-
pathic) Ehlers-Danlos
Syndrome

COLA4A1/2 Gene-related
Cerebral Disorder

RCVS Inflammatory brain

disease

HSP Henoch-Schénlein purpura, HLH hemophagocytic lymphohistiocytosis, /BD inflammatory bowel disease, GAS group-A streptococcus,
GBS group-B streptococcus, HSCT hematopoietic stem cell transplant, FMD fibromuscular dysplasia, SCD sickle-cell disease, EDS Ehlers-Danlos
syndrome, LDS Loeys-Dietz syndrome, RCVS reversible cerebral vasoconstriction syndrome, SLE systemic lupus erythematosus, SSc systemic

scleroderma, PAN polyarteritis nodosa, FMD fibromuscular dysplasia

tecting PACNS being as low as 27% and 30%, respectively
[1, 20, 29, 30].

Histopathological Evaluation: Meningocortical biopsy is
the reference standard to confirm the diagnosis and rule out
other etiologies, and mimics [1, 14, 20]. Due to the absence
of affirmative imaging findings and laboratory tests, com-
pounded by the nonspecific presentation, biopsy is mostly
indicated in AN-cPACNS. The vessel wall demonstrates an
inflammatory disease process suggesting the histological
diagnosis of vasculitis. In cPACNS, vessel wall inflamma-
tion may be granulomatous, non-granulomatous, or both.
Unlike adults, the non-granulomatous form is predominant
with T-cell lymphocytic infiltrates in children [5, 19, 31].
Wherever possible, biopsy is generally lesion-targeted, but
due to diffuse cerebral vascular distribution of affected and
unaffected areas on imaging, it can be done anywhere in
the brain in AN-cPACNS [11, 31, 32]. The tissue biopsy,
however, has low sensitivity with a higher false negative
rate of up to 25% due to diffuse patchy involvement of the
cerebral parenchyma [30].
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In this article, we classify CCV into two broad categories,
primary and secondary CNS vasculitis. The primary CNS
vasculitis, also known as primary angiitis of CNS (PACNS),
is further classified into small or large vessel disease based
on the angiographic appearance with a progressive or non-
progressive clinical course [1]. Based on etiopathogene-
sis and vessel size involvement, secondary CNS vasculitis
is subclassified into four major groups [5, 11]. We also
describe non-inflammatory vasculopathy with imaging ap-
pearance of vasculitis but lacking vessel wall inflammation
and uncommon genetic mutations [24-26, 34, 35]. Lastly,
we describe a few commonly encountered CCV mimics that
confound the diagnosis (Table 2).

Primary CNS Vasculitis

Childhood-PACNS (cPACNS) is a rare cerebral vascular
disease and is now considered one of the common causes
of pediatric stroke. The exact incidence of cPACNS is not
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Fig.2 APP-cPACNS in a 10-year-old boy presented with recurrent stroke. Axial DWI (a) image shows multifocal right frontoparietal border-zone
infarcts (arrows). MRA (b) shows diffuse narrowing of the right distal internal carotid artery (ICA), middle cerebral artery (MCA), and anterior
cerebral artery (ACA) (arrows). Previous MRI, 4 years ago reveals left periventricular (arrow) white matter infarct on DWI (¢) and occlusion of

Al segment of left ACA (dashed arrow in b)

known; however, it constitutes up to 24% of stroke in chil-
dren compared to 0.5% in adults [36]. It is an inflammatory
disease process limited to cerebral vessels (arterial wall and
perivascular spaces). Although often idiopathic, it may be
infrequently associated with infectious (HIV, HCV) and
non-infectious autoimmune diseases [5, 36, 37]. It was first
described in 1959, affecting adults [38], and later recog-
nized in children [39]. Multiple diagnostic criteria have
been proposed, and the most recently adopted criteria in-
clude newly acquired neurological deficits or psychiatric
symptoms in patients under 18 years with specific angio-
graphic and/or histopathological features of CNS vasculitis
in the absence of an underlying systemic disorder or extra-
CNS involvement [2, 5, 36].

cPACNS is classified into large or angio-positive (AP-
cPACNS) and small or angio-negative (AN-cPACNS) dis-
ease based on the affected vessel size [36, 40]. Depend-
ing on the disease evolution, large vessel or AP-cPACNS
is subdivided into non-progressive (APNP-cPACNS) and
progressive (APP-cPACNS) forms [5, 36]. Histopatholog-
ically, small vessel cPACNS (AN-cPACNS) can be subdi-
vided based on the involvement of arterioles, capillaries,
and venules [11]; however, the initial diagnosis of cPACNS
subtypes is evasive due to significant overlap in the clinical,
laboratory, and imaging findings. The definitive diagnosis
is based on the combination of criteria and pathological
analysis.

Clinical Features

cPACNS can present with diverse neurological symptoms
including acute stroke-like presentation, commonly in non-
progressive (APNP-cPACNS) form. Headache and seizures
are more frequent in progressive (APP-cPACNS) form ow-
ing to subacute nature and multifocal involvement [1, 9, 11,
18, 40, 41]. AN-cPACNS has a gradually progressive course
and often presents with seizures, encephalopathy, and neu-

ropsychiatric abnormality due to diffuse CNS involvement
[1, 4, 11, 40]. Angio-negative vasculitis iS more common
in girls whereas angio-positive vasculitis is frequently ob-
served in boys, possibly explaining the male preponderance
in pediatric stroke [1, 5, 11].

APNP-cPACNS is the most common subtype encoun-
tered in children [11]. It has a better prognosis than other
forms of cPACNS with a limited course [11, 18]. The most
common imaging findings are ischemic parenchymal le-
sions in the proximal anterior circulation (gangliothalamic),
angio-positivity with characteristic unilateral proximal vas-
cular involvement, and relative sparing of the distal seg-
ments [9, 11, 36, 42, 43]. VWI may demonstrate circum-
ferential wall thickening and enhancement. Posterior cir-
culation, posterior fossa, and spinal cord involvement are
extremely uncommon; seldom, there is a meningeal and
parenchymal enhancement [7].

APP-cPACNS, the protracted form of cPACNS, involves
both proximal and distal arterial segments [19]. The diagno-
sis is usually based on imaging findings favoring vasculitis

Fig.3 AN-cPACNS in a 16-year-old girl presented with left-sided
clumsiness. Axial DWI image (a) shows multiple tiny acute infarcts
of bilateral subcortical white matter (arrows) with normal course and
caliber of the intracranial arteries on MRA (b) favoring the diagnosis
of small vessel vasculitis
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after excluding secondary causes. MRI can depict ischemic
lesions in a unilateral or bilateral hemispheric distribution
(Fig. 2), involving proximal or distal, anterior or posterior
circulation arteries with no specific imaging pattern [11, 18,
44]. Isolated posterior fossa and spinal cord involvement are
not uncommon [11, 45]. At the active inflammation sites,
vessel wall, meningeal and parenchymal enhancement may
be seen [21, 46]; however, parenchymal hemorrhages are
infrequent in children [5, 11, 18, 19].

AN-cPACNS is a chronic disease with a slower pro-
gressive course, more frequent cognitive dysfunction, and
greater mood instability due to more widespread CNS
involvement [1, 47]. The diagnosis can be challenging
due to its insidious onset and vague presentation, frequent
seizures, nonspecific imaging findings, multifocal demyeli-
nation-like pattern, and angio-negativity [1, 4, 11, 19, 29,
37, 40, 46, 47]. vWF reflects the disease activity and helps
rule out CCV mimics like demyelinating disease [10, 12,
13]. MRI is the investigation of choice, but biopsy is often
required for diagnosis. Imaging studies demonstrate mul-
tifocal infarcts in one or both cerebral hemispheres with
normal appearing vessels on MRA and VWI (Fig. 3). Pos-
terior fossa and spinal cord may be involved, presenting as
cerebellitis or transverse myelitis [11, 45]. Leptomeningeal
enhancement is also frequent. CA is inconclusive, and
biopsy is usually needed for diagnosis. Unlike adults,
non-targeted brain biopsy in children has a similar yield
to the targeted lesional biopsy due to widespread brain
involvement [31, 32, 48].

Management

The cPACNS shows an adequate response to anti-throm-
botic and anti-inflammatory therapy, preventing luminal oc-
clusion and vessel wall inflammation, respectively [1, 11].
Unlike the non-progressive form, the progressive cPACNS

requires longer therapy and immunomodulators in refrac-
tory cases [1, 41, 49, 50]. AN-cPACNS also requires pro-
longed treatment (2-3 years) similar to the progressive
cPACNS, with or without anti-epileptics [13, 51]. Follow-
up is performed with laboratory parameters, particularly
vWF; MRI is done to evaluate the residual disease and
assess disease stability at 3 months for non-progressive
form and every 6 months in progressive form [11, 18]. AN-
cPACNS is usually monitored by clinical response and lab-
oratory parameters. Follow-up imaging is not necessary but
may be performed depending on initial imaging findings
and clinical status [1, 11, 13]. An elaborative discussion
of the therapeutic management of cPACNS is beyond the
scope of this review [1, 11, 13, 18, 41, 49-51].

CCV Secondary to Infections

Infections are the most common cause of secondary CCV
and may be viral, bacterial, fungal, or parasitic in origin
[11, 52]. Infections may affect the vessel wall due to di-
rect invasion (Mycobacterium tuberculosis, Varicella zoster,
HIV, and Lyme disease) or by inciting an inflammatory re-
sponse (bacterial and viral meningitis) releasing inflamma-
tory markers [1, 53]. The clinical symptoms include fever,
headache, seizures, stroke, and encephalopathy. Laboratory
evaluation is paramount to establish the causative organism
and guide appropriate management [52]. The CSF open-
ing pressure and analysis (DNA, antigen, and antibody)
can help establish organisms limited to the CNS. On VWI,
the affected arteries may show segmental narrowing, occlu-
sion, aneurysmal dilatation, and wall enhancement. In ad-
dition, there may be associated parenchymal changes and
meningeal enhancement [14, 54].

Bacterial meningitis (most commonly groups A and B
Streptococcus) may cause vasculitis and cerebral infarcts
(Fig. 4a) in up to 30% of children [55]. Focal cerebral arte-

Fig.4 a ll-year-old girl with group A streptococcal meningitis. TOF-MRA reveals attenuation of bilateral MCA, right (arrows) more than left.
Enhancing basal exudates and leptomeningeal enhancement are also noted in postcontrast TIW image (inset image). b,c 6-year-old boy with left
hemiparesis and history of varicella. Axial DWI image (b) shows acute infarction of the right posterior gangliocapsular region (arrow in b) with
narrowing and irregularity of the distal most intracranial segment of the right ICA and origin of right ACA (dashed oval in ¢) in keeping with post-

varicella focal cerebral arteriopathy
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Fig.5 4-year-old male with ADA2 mutation. Axial DWI image (a) reveals acute infarct of the posterior limb of left internal capsule (arrow).
Axial VWI image (b) shows wall thickening and enhancement (arrows) of the intracranial vessels. Contrast MRA (c) shows a small saccular
aneurysm of the left anterior choroidal artery with a filling defect from thrombus (arrow) that was not appreciated on the TOF-MRA (not shown).
MRA of the abdominal vessels revealed multiple aneurysms of the gastric, renal, and splenic arteries (not shown) in keeping with PAN

riopathy (usually unifocal) and ischemic stroke (Fig. 4b,c)
are the most common features of childhood post-varicella
angiopathy [56, 57]. Spinal cord (VZV myelitis) and pe-
ripheral nervous system involvement can occur but are ex-
ceptional in children. The reported incidence of Ramsay-
Hunt syndrome in young children is about 2.7/100,000 [58,
59]. In children, Mycobacterium tuberculosis is one of the
common causes of chronic meningitis leading to vasculitis
and vasculitic infarcts due to thick enhancing basal cistern
inflammatory exudates involving perforating arteries and
the circle of Willis [14]. HIV-associated cerebral vasculopa-
thy is usually associated with severe immunosuppression or
vertical transmission [14]; and demonstrates vascular nar-
rowing, aneurysms, thromboembolism, and parenchymal
changes [60]. Fungi are important CNS pathogens in the
background of leukopenia and immunosuppression, and the
presence of co-existing sinonasal or orbital disease favors
the diagnosis [14]. Less is known about CNS involvement in
pediatric SARS-CoV-2. Various patterns are described, in-
cluding cerebral vascular involvement, resulting in inflam-
matory vasculitis and vasculitic infarcts [61]. The treatment
of infectious vasculitis is usually organism-specific along
with antithrombotic and anti-inflammatory therapy. Serial
vascular imaging, usually MRA with or without VWI, is
necessary to assess disease progression and treatment re-
sponse [15].

CCV Secondary to Systemic Vasculitis

CCYV associated with systemic vasculitic processes are gen-
erally divided into small, medium, large, and variable sized
vessel vasculitis (Table 2) based on the predominantly af-
fected vessel size [3, 8, 14, 15, 54, 62]. The most common
causes of pediatric systemic vasculitis are Henoch-Schon-
lein purpura, Kawasaki disease, and Polyarteritis nodosa
(PAN). The clinical presentation depends on the involved

vessel size and extra-CNS disease severity [20]. The large
and medium vessel involvement usually present with stroke-
like symptoms, neurological deficits, and encephalopathy.
Small vessel vasculitis is subdivided into ANCA-positive or
ANCA-negative and frequently presents with craniospinal
neuropathies [15]. Laboratory analysis is essential for dis-
ease diagnosis and differentiates various subgroups based
on specific antibodies (ANA, anti-double stranded DNA,
dsDNA, ANCA) [63]. Imaging findings depend on the in-
volved vessel size, disease phase, and disease-specific fea-
tures. Immunomodulatory therapy is usually guided by or-
gan-specific involvement and associated complications.

Takayasu arteritis (TA) is still the most common large
vessel vasculitis in childhood and can also be seen in in-
fancy [64]. Hypertension is the most frequent presentation
due to renal arterial involvement. Craniocervical arteries
are the second most commonly involved, more commonly
involving extra-cranial than intracranial arteries. Intracra-
nial arterial involvement manifests clinically as stroke-like
episodes, usually in the second decade with female pre-
ponderance [65, 66]. The diagnosis is frequently radiologi-
cal, demonstrating typical vascular imaging findings with
arteries showing characteristic mural thickening and en-
hancement in the acute phase with multiple fibrostenotic
and dilated segments in the delayed phase with or without
collateral formation [14, 62, 67].

Kawasaki Disease (KD) is the most common medium
vessel vasculitis in children younger than 5 years with high-
est incidence of 239 per 100,000 under 5 years in the
Japanese population [3]. Up to 30% present with CNS
involvement [68, 69]. KD is often diagnosed using clini-
cal criteria and echocardiography in a febrile child. Imag-
ing findings are nonspecific, with frequent MRI findings
of meningoencephalitis. In an appropriate setting, the pres-
ence of splenial involvement and diffuse microhemorrhages
favor the diagnosis of KD [70].
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Fig.6 a,b 8-year-old boy, ANCA-positive glomerulonephritis with headache and seizures. Axial FLAIR image (a) shows multiple bilateral sub-
cortical and deep white matter hyperintensities, few involving the cortex (arrows) with restricted diffusion on DWI (not shown). TOF-MRA (b)
depicts mild irregularity of bilateral ACA, most prominently involving the Al segment of right ACA (arrow). ¢ 11-year-old boy, known Behget
disease presented with right trochlear nerve palsy and anterior uveitis. Axial FLAIR image shows mildly expansile hyperintense lesion of the
midbrain, centered over left inferior colliculus (arrow) suggestive of neuroBehget

Childhood PAN is associated with HBV and a recently
identified genetic cause, i.e., ADA2 deficiency due to au-
tosomal recessive CECRI gene mutation [71]. Based on
multiple clinical and laboratory criteria, the American Col-
lege of Rheumatology (ACR) proposed diagnostic criteria
for PAN. CNS involvement is seen in the severe systemic
variant of childhood PAN [72, 73]. Childhood PAN most
frequently presents with focal or multifocal ischemia and
hemorrhage with typical vascular findings (Fig. 5), includ-
ing wall thickening, small aneurysms, and stenosis [14].

Small vessel vasculitis is further subclassified based on
ANCA status. Although ANCA-negative vasculitis is more
frequent in childhood, CNS involvement is more frequent
with the ANCA-positive subtype [74]. The diagnostic cri-
teria are clinicoradiological and may require histopathol-
ogy based on the ACR/EULAR classification. ANCA-pos-
itive vasculitis includes granulomatosis with polyangiitis,
previously Wegner granulomatosis (GPA-cANCA), micro-
scopic polyangiitis (MPA-pANCA) and eosinophilic gran-
ulomatosis with polyangiitis, previously Churg Strauss syn-
drome (EGPA-pANCA). CNS involvement ranges between
10 and 20% and often manifests with pachymeningitis, is-
chemic lesions, vascular changes (Fig. 6a,b), and cranial
neuropathies [74]. Few imaging findings may point to a spe-
cific diagnosis. For instance, an enlarged pituitary gland,
orbitonasal involvement, and cranial neuropathy (optic and
olfactory nerves) suggest GPA [74, 75]; and an ischemic
optic neuropathy is associated with EGPA [76]. CCV sec-
ondary to MPA is scarce, with only a few cases in the
literature [77].

Henoch-Schonlein purpura is an ANCA-negative small
vessel disease with infrequent CNS involvement. It is usu-
ally secondary to hypertensive or uremic encephalopathy
and presents with PRES-like imaging findings [78].

Pediatric onset Behcet’s disease (BD) has a strong ge-
netic and HLA-B51 association [79]. The prevalence of Be-
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hcet’s disease is extremely variable, estimated to be about
10.3/100,000 globally, ranging from as high as 119/100,000
for Turkey to as low as 3.3-3.8/100,000 for Europe and
North America [3, 80]. CNS involvement is seen in up
to 30% of pediatric BD and may present with nonspecific
headaches and psychiatric manifestations. It has a chronic
waxing-waning course that mimics multiple sclerosis (MS)
and can involve any vessel, including veins [81]. The most
common imaging findings are venous sinus thrombosis and
angiocentric brainstem lesions (Fig. 6¢), with or without
hemorrhage and enhancement [79, 81]. The diagnostic cri-
teria for pediatric BD have recently been modified to ex-
clude the pathergy (skin) test and include radiological find-
ings (arterial or venous thrombosis and arterial aneurysms)
[15, 79].

CCV Secondary to Systemic Inflammatory
Disease

Inflammatory disorders are increasingly associated with
CCV, particularly in pre-existing Systemic lupus erythe-
matosus (SLE), Sjogren’s syndrome (SS), Systemic sclero-
sis (SSc), Juvenile dermatomyositis (JDM), Mixed connec-
tive tissue disorders (mCTD), Inflammatory bowel diseases
(IBD) and Hemophagocytic lymphohistiocytosis (HLH).
The clinical presentation is nonspecific with increased in-
flammatory markers and disease-specific antibodies that
may point to a specific diagnosis (anti-topoisomerase and
SCL-70, in SSc, anti-dsDNA in SLE, myositis-specific
antibodies (MSA) in JDM, and anti-Ro and anti-La in SS).
MRI with MRA is the imaging of choice and demonstrates
multifocal cortical-subcortical involvement with or without
vascular changes [11, 14, 15, 54]. The treatment is aimed
at the primary disease process and its visceral and systemic
complications.
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Fig.7 14-year-old female with SLE, recent onset behavioral changes and positive APLA titer. TOF-MRA (a) demonstrates mild irregularity of
intracranial arteries especially the M1 segments of the bilateral MCA (arrows) with poor visualization of peripheral arteries and normal brain
parenchyma (not shown), similar to previous MRI. TOF-MRV (b) and post-gd TIW (c) images show interval development of the narrowing of
right internal jugular vein (IJV), starting from the junction of IJV & sigmoid sinus (arrows) with non-visualization at the level of C1-C2 (arrow)
compared to normal IJV on left side (dashed arrow) in keeping with clinical diagnosis of APLA syndrome

Juvenile SLE is a common systemic inflammatory dis-
ease with a few studies demonstrating cerebral parenchymal
involvement in up to 75% of patients and frequent neu-
ropsychiatric features [14]; however, vasculitis (Fig. 7a,b)
is encountered in about 10% of cases [82]. SLE with posi-
tive APLA may result in small and medium vessel throm-
bosis, manifesting clinically as antiphospholipid syndrome
(APS) (Fig. 7c), requiring anticoagulation in up to 50% [15,
82]. The APLA titer assessment (along with anti-dsDNA) is
warranted in SLE presenting with thrombo-occlusive vas-
culopathy [82].

Juvenile SSc can have extracutaneous involvement, but
CNS involvement is exceptional and may present as is-
chemia, infarction, or hemorrhage [14]. Diagnosis is clini-
cal, ANA testing is sensitive but not specific, and SCL-70
antibodies are relatively specific but positive in 15-20% of
patients only [83].

CNS involvement in pediatric SS is infrequent, and the
CSF anti-Ro and anti-La antibodies aid in diagnosis [14,

Fig.8 9-year-old girl with Sjogren syndrome and anti-Ro positive,
presents with vomiting and gait disturbance. Axial FLAIR images
show multiple cortical-subcortical white matter hyperintensities in-
volving bilateral cerebral (arrows in a), brainstem, and cerebellar
hemispheres (arrows in b). Imaging of the spine demonstrated similar
changes in the distal cord and conus (not shown)

84]. Imaging findings are nonspecific (Fig. 8), but the spinal
cord and optic tract (mimicking MS) along with glandular
involvement suggest the diagnosis of pediatric SS [84].

Juvenile dermatomyositis (JDM) is the commonest id-
iopathic inflammatory myopathy. In JDM, CNS vasculitis
is extremely rare among inflammatory diseases, presenting
with seizures and psychiatric symptoms and may be life-
threatening [85]. Imaging findings are nonspecific; how-
ever, retinal vascular involvement favors diagnosis of JDM.
Various MSA are positive in JDM (frequently anti-NXP2
in children), showing a predilection for a particular organ
or system, but none specific to CNS [86].

CNS involvement in pediatric IBD is extremely uncom-
mon as Crohn’s disease, the predominant type of IBD in
children, is rarely associated with CNS vasculitis. Also,
ulcerative colitis, frequently associated with CCV, usually
occurs beyond adolescence [87].

Hemophagocytic lymphohistiocytosis (HLH) is a non-
cancerous, hyperinflammatory condition characterized by
uncontrolled lymphocyte and macrophage proliferation
with familial (genetic) and acquired forms. CNS involve-
ment is seen in up to 73% with or without systemic
involvement and may be categorized into two MRI imag-
ing patterns [11, 88]. Pattern I (significant parenchymal
disease) subdivided into multifocal white matter, brain-
stem-predominant, and cerebellitis group. Pattern I shows
non-specific imaging findings [89]. Three histopatholog-
ical stages of CNS-HLH are described with perivascular
enhancement in a few stages, similar to small vessel CNS
vasculitis [88]. Imaging findings are nonspecific and histo-
logical confirmation is almost always required.
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Fig.9 18-year-old cocaine abuser with severe headache and facial
weakness. Axial DWI image (a) shows right peri-insular cortical and
subcortical infarct. CTA (b) correlation shows paucity of the vessels in
the territory of inferior division of MCA (dashed oval)

Fig. 10 25-year-old girl, treated brainstem glioma (post-chemoradia-
tion) in childhood. Axial T2W image (a) shows bilateral prominent
folia and cerebellar volume loss. MRA (b) reveals multifocal stenosis
of the basilar artery (arrows) in keeping with radiation vasculopathy

CCV Secondary to Neoplasms, Drugs, and
Treatment-related

This heterogeneous group of CCV is commonly caused by
illegal and therapeutic drugs (including chemotherapy), ra-
diation therapy, malignancy, and graft versus host disease
(GVHD). The clinical presentation can be subtle or bizarre,
mimicking an unrelated disease process. The history may
be unreliable in substance abuse, and laboratory assessment
could help identify the specific agent. Neuroimaging find-
ings are nonspecific and depend on the underlying etiology.
Drug-related CCV usually affects small to medium-
sized arteries and frequently presents with multifocal in-
farcts, and intracranial hemorrhage (cocaine and metham-
phetamine) (Fig. 9). Moyamoya-like vasculitic changes
may be seen with chronic cocaine abuse [11, 14, 15, 54].
Radiation vasculopathy is a slowly evolving disease,
seen in approximately 6.7% of post-radiotherapy cases.
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Usually, the medium to large-sized arteries are affected, re-
sulting in vascular narrowing and ischemia ([14]; Fig. 10).
Histopathologically, the involved arteries show foam cell
collections and myointimal proliferation. VWI demon-
strates wall thickening and enhancement, which improves
with time and treatment [54].

Malignancy-related CCYV is infrequent and usually seen
with lymphoproliferative malignancies, mostly manifests
as GVHD and increasingly recognized due to a surge in
hematopoietic stem cell transplantation (HSCT) [11, 90].
Cerebrovascular complications include ICH, arterial stroke,
venous thrombosis, and PRES-like features secondary to
microvascular endothelial injury or vasculitis. These com-
plications are frequent in the pre-graft (<30 days) and early
post-graft period (30-100 days) [90].

Rare Mutations Presenting as CCV

In children and young adults, rare genetic and sporadic
mutations causing CCV are often overlooked and should
also be considered [11]. Family history may help identify
the cause, and genetic analysis is confirmatory. Imaging
findings are variable; however, few of these mutations have
characteristics vital to a specific diagnosis. Treatment is
based on underlying diagnosis and their complications [11,
54].

ADA2 mutation results in adenosine deaminase-2 de-
ficiency due to cat’s eye syndrome chromosome region 1
(CECRI) gene mutation on chromosome 22 [71]. It presents
with PAN-like systemic inflammatory syndrome (Fig. 5)
with early and frequent CNS involvement resulting in mul-
tiple intracranial aneurysms and stroke [11, 33]. The au-
toimmune PAN-like illness from ADA?2 deficiency responds
well to anti-TNF therapy [91].

ACTA2 mutation occurs due to Argl79His mutations
with resultant multisystem smooth muscle dysfunction [92].
It presents with salient findings of prominent proximal ex-
tradural ICA, straight and narrow intradural vessels with-
out basal lenticulostriate collaterals (contrary to moyamoya
disease) [91, 93]. The typical parenchymal changes include
dysplastic anterior corpus callosum, radial frontal gyration,
thickened and flattened fornix, basilar artery indentation
causing pontine flattening (twin peak sign) (Fig. 11), and
squeezed midbrain [92, 93].

MYHI11 mutation is an extremely rare disorder lead-
ing to smooth muscle dysfunction that can affect cerebral
vessels like ACTA2 mutation, with similar neuroimaging
findings. Cardiovascular involvement is frequent, including
thoracic aortic aneurysm and patent ductus arteriosus [91].

Aicardi Goutieres syndrome is a genetic condition
caused by mutations in TREXI, SAMHDI RNASEH2A,
RNASEH2B, RNASEH2C, ADARI, and IFIH] that presents
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Fig. 11 13-year-old boy with ACTA2 mutation. Axial TIW image (a) shows V-shaped anterior corpus callosum (dashed line) and thickened
fornix (arrow). Axial T2W image (b) shows twin peaks sign from impression of the stretched basilar artery (dashed oval). TOF-MRA (c) depicts
fusiform dilatation of the bilateral proximal ICAs (arrows), with tapering of terminal segments. Bilateral ACA, MCA, PCA, and their branches

appear attenuated and stretched

Fig. 12 a Moyamoya syndrome in an 11-year-old boy with sickle cell disease. TOF-MRA shows marked narrowing and beaded appearance of
the bilateral MCA with asymmetric narrowing of the supraclinoid ICA, right > left (arrows) and multiple tiny basal collaterals (dashed oval).
b Idiopathic Moyamoya disease in 10-year-old boy presented with progressive right-sided weakness. TOF-MRA reveals narrowing and irregularity
of the supraclinoid portion of both ICA. The origin of bilateral MCA (arrows) and ACA are not well seen (R>L) and are replaced by a network
of tiny tortuous collaterals (dashed oval). Left PCA also appears attenuated (dashed arrow) with prominent and tortuous posterior communicating

arteries

with variable leukoencephalopathy. The SAMHD mutation
often presents with neurological regression and vasculitis-
like features with characteristic beading of MCA associated
with white matter changes, calcification, and atrophy with
progressive microcephaly [11, 34, 94].

Non-inflammatory Vasculopathy

Non-inflammatory vasculopathies mimic vasculitis with
similar vascular and parenchymal changes; however, the
absence of wall enhancement and inflammatory markers
help distinguish from CCV and diagnose non-inflammatory
vasculopathy, including moyamoya disease, fibromuscular
dysplasia, and connective tissue disorders (CTDs) [10, 81].

Moyamoya Disease: A vascular dysplasia resulting in pro-
gressive narrowing and stenosis of the terminal ICA and
proximal segments of anterior and middle cerebral arter-

ies, resulting in multiple fragile leptomeningeal and exten-
sive deep collaterals (Fig. 12; [15, 91]). The leptomeningeal
collaterals appear as FLAIR sulcal hyperintensity, i.e., ivy
sign, with deep perforating collateral arteries manifesting as
“puff-of-smoke” appearance on angiography [54]. Ischemic
changes with watershed involvement are frequent in chil-
dren with infrequent hemorrhagic infarction than adults [15,
16]. It can be idiopathic with ethnic and familial predisposi-
tion or secondary to various somatic and genetic conditions,
including neurofibromatosis, tuberous sclerosis, Down syn-
drome, thalassemia, and sickle-cell disease [18, 81].

Fibromuscular Dysplasia (FMD): Usually affects medium to
large arteries, frequently resulting in alternating stenosis
and post-stenotic dilatation and/or aneurysm, giving the
classical “string of beads” appearance on CTA/MRA [15,
54]; however, this typical appearance is frequently absent
in children due to isolated intimal hyperplasia, a rare patho-
logical subtype, compared to medial and/or perimedial fi-
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Fig. 13 14-year-old with Marfan syndrome and headache, to rule out
intracranial aneurysms. TOF-MRA (a) reveals marked tortuosity of
the bilateral ICA with no definite intracranial aneurysms noted. Axial
FLAIR image (b) shows associated focal infarction of posterior limb
of left internal capsule and left thalamus (arrow)

broplasia in adults [95]. Cerebral vascular disease is infre-
quent in children with more frequent posterior circulation
involvement. FMD shows no gender predisposition in chil-
dren with most commonly affected vessels in order of arte-
rial involvement, renal, craniocervical, non-renal visceral,
and limb arteries [15, 54].

Vasculopathy Associated with Connective
Tissue Disorders

TGF-f Signaling Pathway

Marfan Syndrome: Autosomal dominant (AD) inherited
CTD resulting from fibrillin-1 gene mutation on chromo-
some-5 affecting the TGF-f pathway [15, 35, 54]. It fre-
quently presents with craniocervical ectasia and aneurysms
(Fig. 13) with or without parenchymal involvement [15, 54,
91]. The presence of aortic root dilatation, ectopia lentis,
dural ectasia, and musculoskeletal involvement favors the
diagnosis [35, 96].

Loeys-Dietz Syndrome: Another AD disorder affecting the
TGF-f pathway with a triad of arterial abnormalities (tor-
tuosity, aneurysm, and dissection), hypertelorism, and bifid
uvula or cleft palate [35, 96].

COL Gene-related Disorder

COL3A1 Gene-related Type 4 (Vasculopathic) Ehlers-Danlos
Syndrome: An AD inherited disorder resulting from muta-
tion of COL3A1 gene forming type III collagen [15, 35, 96].
CNS involvement may present with arterial dilatation, tor-
tuosity, aneurysm, dissection, and caroticocavernous fistu-
las [35, 97]. Other distinctive features include skin translu-
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cency, extensive bruising, typical facies, and arterial or vis-
ceral rupture.

COL4A1/2 Gene-related Cerebral Disorder: COL4A1/A2
gene mutation results in abnormal type IV collagen that
provides vascular basement membrane scaffolding [35, 91,
98]. The CNS involvement can occur as early as in the
antenatal period and up to adulthood [98]. The mutation of
the COL4AI gene presents as small vessel disease, while
COLA4A?2 has a frequent stroke (hemorrhagic or ischemic)
association [91]. Commonly encountered findings are un-
explained white matter changes, porencephaly, and cerebral
hemorrhage. The associated typical ophthalmologic find-
ings and a positive family history help in diagnosis [91,
98].

Mimics

Reversible Cerebral Vasoconstriction Syndrome (RCVS):
A diverse group of entities characterized by reversible in-
tracranial arterial vasospasm that can be multifocal, with or
without associated parenchymal changes [15, 54]. RCVS is
rare in children and shows male predilection, unlike adults
[99, 100]. Arterial narrowing, subarachnoid hemorrhage,
tiny scattered infarcts, and PRES-like appearance are the
most frequent imaging findings [7, 15, 54]. Reversibility of
angiographic findings within 12 weeks and the absence or
subtle enhancement of the vessel wall help to differentiate
it from cPACNS [18, 46, 89]. The multifocal nature is
against the diagnosis of focal cerebral arteriopathy.

Arterial Dissection: Craniocervical arterial dissection is un-
common in children and mostly idiopathic or occurs follow-
ing trauma. Intracranial involvement is more common, with
frequent anterior circulation involvement [101]. CT may
show luminal narrowing and vessel expansion with a larger
outer diameter, while MR may demonstrate crescentic in-
tramural hematoma, best visualized on TIW images with
fat suppression [54, 101].

Table 3 Table highlighting the 4 key steps in the diagnosis of child-
hood cerebral vasculitis

Step 1 History and examination

Rule out pre-existing illness and secondary causes
Step 2 Laboratory evaluation

Blood and CSF markers, metabolic and infectious causes
Step 3 Neuroimaging (MRI/catheter angiography)

To evaluate brain, spinal cord and craniocervical vessels
Step 4 Meningocortical biopsy

Confirmatory and to rule out the mimickers
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Inflammatory Disorders: Many inflammatory CNS dis-
orders mimic angio-negative or small vessel vasculitis
[5]. Demyelinating diseases (acute demyelinating en-
cephalomyelitis, neuromyelitis optica, and MS) and autoim-
mune encephalitis (anti-NMDAR and limbic encephalitis)
are the most important conditions that frequently present
with white matter changes in the absence of vascular abnor-
malities [5]. Clinical, laboratory, and imaging findings can
be inconclusive, and rarely histopathological confirmation
may be required.

Clinical Radiological Approach

A child with suspected CCV requires a comprehensive clin-
ical radiological evaluation (Table 3). In the diagnostic as-
sessment of suspected CCV, the initial step is detailed his-
tory taking with thorough clinical examination and strong
suspicion. The second step is performing relevant blood
and CSF analyses to assess inflammatory biomarkers, to
rule out pre-existing illnesses, metabolic causes, rheuma-
toid diseases, infections, or drugs. Evaluation for specific
antibodies helps diagnose and exclude systemic vasculitis
and autoimmune disorders. The crucial next step is imaging
evaluation of the CNS and craniocervical vessels; MRI with
MRA and VWI being the investigations of choice. CA may
be performed as a problem solving tool in selected cases,
especially when MRA and VWI are negative or equivocal
with a high index of clinical suspicion. The final confir-
matory step is meningocortical biopsy which is frequently
needed in AN-cPACNS and close mimics.

Conclusion

CCV is a diverse group of disorders characterized by in-
flammation of the cerebral blood vessels due to myriad
pathologies. They can present with typical or atypical imag-
ing findings, posing a diagnostic challenge and requiring
a strong clinical suspicion. The conventional and advanced
imaging sequences are vital in identifying the salient fea-
tures and diagnosing CCV, narrowing the differential diag-
noses, and guiding appropriate management. Understand-
ing and identifying genetic and non-inflammatory vascu-
lopathies are quintessential as these are increasingly rec-
ognized with CCV. Despite the complexity, a stepwise ap-
proach can help arrive at an appropriate diagnosis and rule
out common mimics.
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