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• Classification
• Disease phenotypes
• Role of imaging



Childhood primary angiitis of the CNS 
(cPACNS)

• Medium/large vessel (angiography +)
• Non-progressive
• Progressive

• Small vessel (angiography -)





NP cPACNS

• Acute AIS; diffuse features in 10%
• Inflammatory markers normal
• Angiography +
• +/- vessel wall imaging



NP cPACNS vs TCA/FCA

• Likely to be the same entity
• Imaging features identical
• Monophasic

• Role of steroids/immunomodulation controversial



? FCA ?monophasic PACNS





P cPACNS

• Diffuse features common and often insidious
• Headache common
• Inflammatory markers and CSF studies freq. 

normal
• Multifocal imaging abnormalities more common in 

both brain and arteries





P cPACNS
8y, fever
confusion,
seizures.

Normal blood/CSF



Figure 2. Neuroimaging of a 16-year-old boy with progressive large vessel primary central nervous system vasculitis presenting with 
severe headaches, cognitive decline and focal neurological deficits. A, ill-defined, multifocal lesions in multiple vascular territories on 
axial MRI T2/fluid-attenuated inversion recovery images. These lesions are not diffusion restricted (diffusion weighted images not 
shown). B, magnetic resonance angiography demonstrates multiple, bilateral vascular stenosis affecting both proximal and distal 
segments of all major cerebral vessel with evidence of irregularity and beading. C and D, conventional angiography confirms the 
presence of proximal and distal vascular stenoses in multiple, bilateral cerebral vessels.
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P cPACNS

• Steroids
• Cyclophosphamide



SV cPACNS

• Encephalopathy, focal deficits, seizures
• +/- systemic features
• CSF often abnormal
• Inflammtory lesions + Gd enhancement
• Normal MRA/CA
• Biopsy



SV cPACNS
5y, seizures, 
L hemiparesis, 
cognitive decline



Figure 3. Neuroimaging and brain biopsy of a 12-year-old girl with small vessel childhood primary central nervous system vasculitis 
presenting with severe cognitive decline and seizures. A, bilateral inflammatory lesions affecting both gray and white matter on axial MRI 
T2/fluid-attenuated inversion recovery images. These lesions are not diffusion restricted (diffusion weighted images not shown). B, an 
extensive brain stem lesion in the same child. Magnetic resonance angiography and conventional angiography in the child were normal 
(not shown). C, lesional brain biopsy of a frontal inflammatory lesion identified on MRI. Hematoxyllin and eosin staining reveals a 
lymphocytic infiltrate targeting the vascular wall of a small muscular artery. Electron microscopy demonstrates endothelial cell activation 
and no evidence of viral inclusions (not shown).
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13y M, thunderclap headache
No focal neurology
Normalised after 2/12
Final diagnosis: RCVS



Cerebrovascular imaging

• Luminal
– MRA (time-of-flight/CEMRA)
– CTA
– Catheter angiography

• Wall



Luminal imaging: what are we looking for?

• “Beading” – not specific
• Multifocal disease
• Focal occlusive disease
• Dilatation
• Microaneurysms

*small vessel PACNS will by definition be angiogram 
negative



Is MRA useful? 

• Aviv et al 2006 (n = 42)
– Time of flight MRA
– 30/42 abnormal (all angiographically confirmed)
– 83% carotid “T” involvement
– >60% multiple proximal lesions
– “benign” morphology in 22/30 with occlusive disease

• ?overlap w patients who might be categorised as FCA



were detected in 2 patients. One patient had 2 focal dilations of
thalamostriate perforators arising from P1 with an otherwise
normal MRA. These were considered as one lesion. The other
patient had an aneurysm of the P2 segment of the left PCA in
association with both M1 and P1 stenoses.

MR-MRA Correlation. Forty-two patients had MR imag-
ing and MRA at diagnosis. Of 175 MR imaging lesions, 126
(72%) were accounted for by the MRA abnormality. Similarly,
in 30/42 patients (71%), the MRA abnormality was in the
same distribution as the MR imaging lesions. The sensitivity of
MRA in detecting MR imaging abnormality by patient (not
lesion) was 72%. Five patients, however, had bilateral abnor-
malities on MRA with only unilateral MR imaging changes.

Twelve patients (28.6%) had an MR imaging abnormality
with normal vessels on MRA. On the assumption of the MRA
findings as the reference standard, MR imaging was abnormal
in 67/76 (88%) correspondent vascular territories and was
normal in 9/76 vascular territories (12%). Because all patients

had abnormal MR imaging, the sensitivity by patient was
100%, and the specificity could not be assessed. The agree-
ment between MR imaging and MRA for abnormality was
statistically significant (P ! .04).

Discussion
This study is the first comprehensive analysis of the radio-

graphic appearance of cPACNS. Although there have been nu-
merous publications on PACNS in adults,2-9,16,17 the data in
children in are limited. Previous studies in the literature have
reviewed "25 cases.18-22 Our study demonstrates that the
most common vascular involvement is unilateral, proximal,
anterior circulation with multifocal parenchymal lesions
within the lenticulostriate distribution. MR imaging is abnor-
mal in all cases, with a good agreement within the distribution
of MRA abnormality.

The diagnosis of cPACNS in our study was established by a
combination of clinical and laboratory features defined above
and abnormal CA.4,9 Four patients were excluded from this
cohort because of normal CA despite biopsy-confirmed small
vessel vasculitis. These patients are described elsewhere.10

Many confusing terms have been coined to describe various
clinical presentations of vasculopathy with emphasis on
whether the disease is proved by biopsy or angiography and
the presence or absence of progression.14-17 The gold standard
in adults remains biopsy, which in adult PACNS frequently
demonstrates granulomatous and/or lymphocytic inflamma-
tion of the vessel wall.9 Similar histologic findings have been

Table 4: Morphology of MRA stenoses

Morphology Stenoses*
Smooth 56 (78%)
Irregular 14 (19%)
Concentric 68 (94%)
Eccentric 2 (3%)
Graduated 12 (17%)
Single 65 (90%)
Beading 8 (11%)
* MRA demonstrated a total of 72 stenoses.

Fig 5. A, FLAIR demonstrating acute infarct within a
superficial distribution. There is cortical swelling and
hyperintensity and adjacent patchy subcortical involve-
ment within the right MCA territory. Additional punctate
signal intensity abnormalities are present within the right
external capsule and parietal deep white matter (black
arrows). B, T2-weighted axial MR imaging demonstrating
bilateral peripheral infarcts with hyperintensity within
deep and subcortical white matter best appreciated
within the right frontal lobe. Bilateral cortical involve-
ment and left deep white matter involvement are appre-
ciated more easily on FLAIR (not shown).

Fig 6. Time-of-flight MRA maximum intensity projection (MIP) viewed from posteriorly. The
posterior circulation has been removed. There is smooth, regular, concentric, distal left
internal carotid and proximal prebifurcation M1 segment flow attenuation (white arrow-
head ) resulting in reduction in flow signal intensity from remaining MCA branches (white
arrow ). The A1 segment of the ACA is unaffected. The pattern of proximal involvement was
seen in #80% and the “benign” morphology was seen in half of patients studied.

Fig 7. Time-of flight MIP oblique view demonstrating distal involvement of the postbifur-
cation M1 and proximal M2 segments. There is eccentric, irregular narrowing with
alternating stenosis and dilation consistent with beading (white arrowheads). “Aggressive”
features are said to be the hallmark of vasculitis but were seen in only 11% of our patients.
Multiple additional stenoses are present within the left M2 and P2.

196 Aviv ! AJNR 27 ! Jan 2006 ! www.ajnr.org

Aviv et al 2006
*multiple vessel involvement also counted as aggressive
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moya disease, migraines, systemic lupus erythematosus) and 3) those
with incomplete imaging.

Forty-five consecutive patients with cPACNS were screened. Thir-
ty-two patients had MRA and CA studies performed during the initial
admission, but only 25 patients had the 2 studies within 1 month of
each other. These patients constituted the study group. There were 16
boys and 9 girls. The median age at presentation MRA and CA was 7.6
years (0.8 –16.5 years). The time interval between CA and MRA was a
median of 5 days (range 1–30).

MRA Technique
MR imaging was performed on a 1.5T superconducting magnet
(Signa EchoSpeed software, ver. 8.2.3; GE Medical Systems, Milwau-
kee, Wis). Apart from standard MR imaging sequences 3D time-of-
flight (TOF) MRA was performed (34/4.8, 30 TR/TE/flip angle; ma-
trix of 256 ! 256; and FOV of 14 –15 cm). Magnetization transfer,
ZIP2, and ZIP 512 (zero-fill interpolation processing) were used. 3D
TOF was divided into 3 slabs with 30% overlap. Each slab comprised
64 partitions with an overall section width of 1 mm. Coverage from
the foramen magnum to the pericallosal artery was obtained. Maxi-
mum intensity projection (MIP) images rotated 15°–20° in each di-
rection were reviewed on hard copy or PACS where available. Studies
before 1997 differed from those thereafter in terms of the window
presentation and were imaged as black vessels on a white background.
Source images were not available for hard-copy MRA studies and
therefore were also not reviewed for PACS studies to prevent bias.

CA Technique
Biplane angiography was performed under general anesthesia by a
single operator in all cases. A LCN biplane (GE Medical Systems) was
used. Standardized views were performed in all cases. For the anterior
circulation, these include anteroposterior, lateral, anteroposterior
oblique (15°, 30°, and 45°); for posterior circulation, Townes, lateral,
and bilateral 45° anteroposterior obliques. Additional views were
taken in the context of abnormality. The images were reviewed on
hard copy or PACS where available.

Imaging Review
MRA and CA studies were blinded. Reading was performed in ran-
dom order. Standardized reviews of MRA and CA were performed by
2 study neuroradiologists. All assessments were conducted by consen-
sus between the 2 reviewers. A standard analysis protocol was devel-
oped. MIP MRA images were evaluated for stenosis. The vascular
segment was allocated according to standard anatomic texts.22,23

Stenosis was measured using the calibration markers on each im-
age. The projection showing the tightest stenosis was chosen for each

lesion with measurements made from the outer margins of the vessel
wall. The intracranial vessels were assessed according to predesig-
nated divisions and whether proximal, distal, or whole segments were
involved. Where an entire vessel was abnormal, assessment of stenosis
was made by comparing the vessel size with that of the nearest normal
vessel. The degree of stenosis (occlusion 100%) and morphology of
each stenosis were recorded. Standardized morphologic definitions24

were: concentric, eccentric, graduated, smooth, irregular, dilation,
and aneurysm. Beading (Fig 1A) was defined as alternating short reg-
ularly spaced segments of stenosis with short normal or dilated inter-
vening segments. Involvement of a single vessel segment with multi-
ple stenoses separated by a gap greater than seen with beading was
recorded as “multiple” (Fig 1B). A “benign-appearing” configuration
(Fig 1C) was defined as 3 or more of the following: single, concentric,
smooth, and graduated. “Aggressive appearance” (Fig 1A,-B) was de-
fined as 2 or more of the following: irregular, multiple, and eccentric.
Distal involvement was assessed by involvement beyond the M1 or A1
segment. The presence or absence of collateral supply was
documented.

Where an absent or diffusely smooth A1 segment of the anterior
cerebral artery or posterior communicating segment was seen this was
documented as hypoplastic (Fig 1C). The same approach was adopted
for the P1 segment in a fetal posterior cerebral artery arrangement.

Analysis
Data were transferred into a dedicated data base. Proportions for
MRA and CA detected morphologic abnormality (location, multi-
plicity, morphology, and vascular distribution of stenosis) were cal-
culated using Fisher exact test. Significance was assigned at P " .05.
Sensitivity, specificity, and positive and negative predictive values
were calculated on a per-lesion and per-patient basis for MRA. Agree-
ment between MRA and CA was calculated using !, a measure of
observer agreement. All analyses were performed with SPSS 10 (SPSS,
Chicago, Ill).

Results

CA Appearances
Twenty-one of 25 (84%) patients had an abnormal CA; thus,
16% of patients had a normal CA in the context of cPACNS.
Sixty-four lesions were identified (median, 2; range, 1– 6). Le-
sions were significantly more likely to be proximally distrib-
uted (P " .05); there was a proximal lesion in 86% of cases.
There was a trend to involve the anterior circulation (P # .08),
to be unilateral (90%) (P # .06), and to be multifocal (P # .09)
(Table 1). None of the patients had disease of M3/4, P3/4, or

Fig 1. Representative MRA and angiographic images. Aggressive appearing lesions were those that demonstrated multiple short segment irregularity with alternating narrowing and dilation
(beading) (white arrow) (A ) or multiple longer segmental narrowing with normal intervening vessel (black arrowheads) (B ). Aneurysms (not shown) were included in this definition. Benign
appearing lesions (C ) had smooth (white arrows), often solitary, tapered (white arrowhead) narrowing that could be concentric or eccentric. Incidental hypoplasia of the ipsilateral A1 is
noted.

10 Aviv ! AJNR 28 ! Jan 2007 ! www.ajnr.org
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Role of catheter angiography (CA)

• Along w histology considered a gold standard test 
for CNS vasculitis

BUT
• Low specificity
• Pathology & radiology terminology not 

interchangeable
• Sensitivity also an issue for small vessel PACNS



MRA vs CA in PACNS

• Aviv et al 2007 (n =  25)
– Proximal, multifocal, unilateral
– Predominance of anterior circulation
– MRA had PPV 71%, NPV 97% for CA abnormality
– Recommend CA if MRI + and MRA -



MRA vs CA in PACNS

• Eleftheriou et al 2010 (n = 14)
– Bilateral & proximal lesions
– MRA: sensitivity 63%, specificity 89% for CA lesions
– Overall sensitivity of MRA 94%
– Most false negatives in posterior circulation



Does temporal evolution help/matter?

• Progressive arteriopathy significantly associated w 
AIS recurrence 

• But does progressive arteriopathy = vasculitis?
• And does it necessitate immunosuppression??



Inflammatory w/u negative; ?PACNS ?moyamoya



Vessel wall imaging

• Kuker et al 2007 (n = 27, 8 children)
– diagnosis of cerebral vasculitis
– 25/27 abnormal MRA
– 25/27 wall thickening, 23/27 wall enhancement, usually 

at site of MRA/DSA abnormality



Vessel wall imaging

• Swartz et al 2009
– 3T MRI, T1 FLAIR +/- gad, targeted to MRA abn site
– 3 w clinical vasculitis had smooth concentric wall 

enhancement
– Other patterns in atheroma/dissection
– 2 moyamoya pts had wall thickening or enhancement
– Spatial resolution still an issue
– Sensitivity & specificity not established



ample of an atherosclerotic plaque with fibrous cap
enhancement superficial to a lipid core.

In studies of extracranial vessel imaging with
pathologic confirmation, inflammatory conditions
are associated with concentric, circumferential wall
thickening and enhancement,5 whereas atheroscle-
rotic disease is frequently eccentric.4 In our study, we
found similar patterns in the intracranial vessels of
patients with atherosclerotic and inflammatory dis-
ease (biopsy confirmed in one case) confirming our
hypotheses. The enhancement patterns were consis-
tent and largely confined to the vessels supplying the
area of acute infarction. In some cases, remote vessels
also enhanced, raising concern of active or “hot”
plaque that might be at risk of future thromboem-
bolic events. It remains to be determined whether
enhancement within intracranial atherosclerotic
plaques can be used to select patients at high risk of
recurrent ischemic stroke.

None of the three individuals who had wall imag-
ing months after their acute events showed wall en-
hancement, and none of the patients with
extracranial sources for their strokes showed intracra-

nial wall enhancement. In addition, all 12 patients
with atherosclerotic disease imaged acutely showed
enhancement, and some had enhancement in vessels
that had not yet shown signs of infarction. This sug-
gests that enhancement may reflect active plaques or
“plaques at risk.” Studies with carotid wall imaging
have shown similar correlations between plaque rup-
ture and symptomatic presentations.13 The concept
of using imaging to identify vulnerable plaques is
well established.14 Inflammation in chronic athero-
sclerotic plaques plays a role in destabilizing the
plaque.15 Denuded vascular endothelium with in-
flammatory components or neovascularization is
most likely to enhance and also likely serve as a focus
for clot formation and embolization.14 It is therefore
not surprising that similar enhancement patterns can
be seen in intracranial vessels using higher-resolution
scanners and optimized acquisitions. It remains to be
seen whether current treatments (e.g., statin loading,
anti-inflammatory therapies) can alter the enhance-
ment pattern and affect clinical outcome.

Our dissection cases also confirmed the hypothe-
sis that eccentric bright T1 elements (higher signal

Figure 3 Biopsy-confirmed giant cell arteritis with smooth concentric middle cerebral artery enhancement

A 67-year-old woman presented with multiple TIAs followed by headache and multiple focal neurologic deficits, progressing to decreased level of con-
sciousness (table e-1, case 9). Diffusion images (not shown) revealed dozens of small cortical and subcortical areas of restriction. Reformatted CT angio-
gram (A) shows bilateral narrowing (arrows) of the cavernous and supraclinoid internal carotid arteries (ICAs). Catheter digital subtraction angiogram
images (B, combined right and left injections) confirm these findings (black arrows). Axial fast imaging employing steady state acquisition images (C) at the
level of the cavernous sinuses show wall thickening (arrow) of bilateral cavernous ICAs. Axial T1 fluid-attenuated inversion recovery (FLAIR) (D and F)
demonstrates mural thickening (arrow) of both cavernous ICAs with luminal narrowing. After gadolinium administration, corresponding axial T1 FLAIR
images (E and G) show smooth, concentric wall enhancement (arrows) of the cavernous ICAs. Similar enhancement (arrow) is also noted in both vertebral
arteries (H). Note the normal-appearing, nonenhancing basilar artery (starred, D–G). Temporal artery biopsy (I and J) shows destruction of the internal
elastic lamina with inflammatory cells (predominately lymphocytic with occasional multinucleated giant cells) in the media and adventitia. There were also
luminal occlusion and fibrin platelet plugs in the vasa vasorum confirming the diagnosis of giant cell arteritis.

632 Neurology 72 February 17, 2009
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• Mandell et al 2012:
– 7 patients with multifocal arterial narrowing
– 3 w reversal of arteriopathy had no enhancement = 

RCVS
– 4 w persistent arterial narrowing had enhancement; 3 

diagnosed as PACNS, 1 as cocaine vasculopathy



• Payne et al 2011:
– 5y w basal ganglia infarct
– No other aetiology
– Steroids for 3w
– Initial vessel wall enhancement w reversed after 

steroids
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Neuroimaging Highlight
Editor: David Pelz

Reversible Wall Enhancement in Pediatric Cerebral
Arteriopathy
Submitted by: Eric T. Payne, Xing-Chang Wei, Adam Kirton

Can. J. Neurol. Sci. 2011; 38: 139-140

A previously well and developmentally normal five-year-old
right-handed girl, presented with acute left-sided weakness and
dysarthria. Investigations confirmed an acute right
lenticulostriate stroke secondary to probable childhood primary
angiitis of the CNS (cPACNS), including evidence of vessel wall
enhancement (Figure). Despite extensive investigations, no
alternative etiology for her stroke was detected. After three
weeks of steroids, the child improved and the vessel wall
enhancement resolved. Moderate hemiparesis, hemidystonia,
and behavioural sequelae are present at 18-month follow-up.
Arteriopathy is the leading cause of childhood arterial

ischemic stroke (AIS) and its recurrence.1 Most common is an
acute, unilateral arteriopathy affecting the middle cerebral
artery/internal cerebral artery (MCA/ICA) that is thought to be
parainfectious and/or inflammatory and has been classified by
various terms including cPACNS. Initially described in adults
and defined by the Calabrese criteria2, cPACNS is an
increasingly recognized, diagnostically challenging cause of
childhoodAIS.3 In addition to the large-medium vessel vasculitis
shown here, a small vessel variety is also described.3 Diagnosis
of cPACNS includes confirmation of symptomatic AIS with
angiographic or histologic evidence of CNS vasculitis without an
alternative cause.2,3 Non-inflammatory vasculopathies such as
arterial dissection and Moyamoya disease are important
differential diagnoses.3
Histologic evidence of vasculitis on brain biopsy remains the

gold standard but this is usually impossible in large vessel
cPACNS, emphasizing the need for better imaging markers. A
large pediatric cohort study describing MR-MRA patterns of
cPACNS suggests MRA sensitivity is only approximately 70%.4
When abnormal, the MRA most commonly showed proximal
involvement of the carotid termination and proximal anterior
cerebral artery and middle cerebral artery segments as seen in
our patient. Cerebral angiography appears to be highly sensitive
in large vessel cPACNS, often demonstrating irregular stenosis
and dilatation with “banding or striae” of the same vessels
(Figure D).
Vessel wall thickening and enhancement has been described

in a small PACNS cohort that included eight children.5 It appears

From the Division of Neurology, Departments of Pediatrics and Clinical Neurosciences (ETP, AK), and Department of Radiology (XCW), University of Calgary and the Alberta
Children’s Hospital, Calgary, Alberta, Canada.

RECEIVED JUNE 7, 2010. FINAL REVISIONS SUBMITTED JUNE 29, 2010.
Correspondence to: Adam Kirton, Calgary Pediatric Stroke Program, Pediatrics and Clinical Neuroscience, Faculty of Medicine, University of Calgary, Alberta Children's Hospital,
2888 Shaganappi Trail NW, Calgary, Alberta, T3B 6A8, Canada.

Figure: (A) Diffusion MRI confirms acute right lenticulostriate stroke.
Vascular imaging with MRA (B), CT angiogram (C), and conventional
angiogram (D) demonstrates proximal right M1 and M2 stenosis and
extensive right M1 wall irregularity. Axial T1 with gadolinium (E) shows
right M1 wall thickening and enhancement that is resolved 4 weeks later (F).
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arterial dissection and Moyamoya disease are important
differential diagnoses.3
Histologic evidence of vasculitis on brain biopsy remains the

gold standard but this is usually impossible in large vessel
cPACNS, emphasizing the need for better imaging markers. A
large pediatric cohort study describing MR-MRA patterns of
cPACNS suggests MRA sensitivity is only approximately 70%.4
When abnormal, the MRA most commonly showed proximal
involvement of the carotid termination and proximal anterior
cerebral artery and middle cerebral artery segments as seen in
our patient. Cerebral angiography appears to be highly sensitive
in large vessel cPACNS, often demonstrating irregular stenosis
and dilatation with “banding or striae” of the same vessels
(Figure D).
Vessel wall thickening and enhancement has been described

in a small PACNS cohort that included eight children.5 It appears
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Figure: (A) Diffusion MRI confirms acute right lenticulostriate stroke.
Vascular imaging with MRA (B), CT angiogram (C), and conventional
angiogram (D) demonstrates proximal right M1 and M2 stenosis and
extensive right M1 wall irregularity. Axial T1 with gadolinium (E) shows
right M1 wall thickening and enhancement that is resolved 4 weeks later (F).
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Biomarkers of CNS vasculitis

• Blood/CSF commonly negative
• Imaging – non-specific



CECs detect ongoing endothelial injury in 
children with AIS and arteriopathy

(Eleftheriou	et	al,	Neurology	2012)



Circulating microparticles in children with 
AIS and arteriopathy

(Eleftheriou et al, Neurology 2012)
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Personal approach

• High index clinical suspicion if 
– Prominent prodrome/diffuse features
– Multifocal brain or arterial lesions
– Clinical/radiological progression
– Multiple size vessel involved

• Blood/CSF workup (incl. VZV Ab, neopterin)
• Ophthalmology, urinalysis etc
• Low threshold for angiography (inc. visceral)



Conclusions

• There are distinct clinical phenotypes of CNS 
vasculitis in children

• Diagnosis is challenging; imaging may overlap 
with non-inflammatory disorders



Reversible cerebral vasoconstriction 
syndrome

• Probably what used to be termed benign PACNS
• Thunderclap headache
• Segmental arterial constriction/dilatation
• Minority complicated by ischaemic/haemorrhagic 

stroke







Table 2. Childhood secondary Central Nervous System vasculitis and Central Nervous System vasculitis mimics

Published in: Peter Gowdie; Marinka Twilt; Susanne M. Benseler; Journal of Child Neurology 27, 1448-1459.
DOI: 10.1177/0883073812459352
Copyright © 2012 SAGE Publications









Table 1. Childhood Primary Angiitis of the Central Nervous System: Diagnostic Criteria, Disease Subtypes, and Their Characteristics
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