
PEDIATRICS CME

Intracranial Pediatric Vascular
Abnormalities: an Imaging Approach
I.S. Alves, C. Alves, A.P.F. Vieira, C.T. Amancio, D. Delgado, P. Silva, L. Lucato,

H.W. Lee, C.C. Leite, and M.G.M. Martin

CME Credit
The American Society of Neuroradiology (ASNR) is accredited by the Accreditation Council for Continuing Medical Education (ACCME)
to provide continuing medical education for physicians. The ASNR designates this journal-based CME activity for a maximum of 1 AMA
PRA Category 1 CreditTM. Physicians should claim only the credit commensurate with the extent of their participation in the activity. To
claim CME credit for this activity, an online evaluation must be completed and submitted. ASNR members may access this option at no
charge (nonmembers must pay a small fee) by visiting https://www.pathlms.com/asnr.

ABSTRACT
Neurovascular disease is less common in children than in adults. Although it corresponds

to a small proportion of pediatric pathologies, it represents a clinical challenge because

the signs and symptoms are nonspecific, and when the patient presents with stroke or

hemorrhage, it is associated with high morbidity and mortality. Intracranial pediatric vascular

pathologies can be classified into several types. In this article, we propose a didactic classifi-

cation based on the presence or absence of shunting and a subclassification of nonshunting

arterial diseases according to vessel morphology. From this radiologic perspective, a differ-

ential group of pathologies can be included to characterize the specific findings of each

disease. In addition to identifying the etiology, gaining insights into the natural evolution of

the disease is crucial for the better care of this specific group of patients, which, in some

cases, will be evaluated recurrently throughout their lifetimes.

Learning Objective: To describe the main imaging aspects and categorize the pediatric

intracranial vascular pathologies.

INTRODUCTION

Neurovascular disease is uncommon in
children. However, it is often associated
with high morbidity and mortality rates.

Early diagnosis of both ischemic and hem-
orrhagic strokes can be particularly difficult
in children, mostly because of the presence
of nonspecific signs and symptoms. In this
article, we propose a didactic classification
that considers 2 major features: 1) the pres-
ence or absence of shunting, and 2) vessel
morphology. On the basis of the radiologic
perspective, we included several vascular
pathologies and grouped them on the basis
of the particular findings of each disease for
the correct diagnosis.

CLINICAL MANIFESTATION

Pediatric intracranial vascular pathologies
have potentially severe morbidity with vari-
able symptoms that can be associated with

hemodynamic flow and the age of manifes-
tation. Hemodynamic status is important
during the first 2 years of life when the child
can present with cardiac failure due to
high-flow arteriovenous shunting (AVS) in
early infancy (younger than 3months of
age) and hydrodynamic disorders in infants
such as macrocrania and hydrocephalus.
Although <15% of infants have seizures as
their initial clinical presentation, >70% of
them may develop epilepsy later. Seizures
in neonates are, in fact due to prior brain
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damage. The main clinical concerns are infarction (ischemic
or hemorrhagic), hemorrhage (intraparenchymal or subar-
achnoid), and focal deficits.1,2

CLASSIFICATION OF INTRACRANIAL PEDIATRIC
VASCULAR ABNORMALITIES

There are many ways to classify intracranial vascular
pathologies, including anatomic aspects, clinical manifes-
tations, etiology, histopathologic and angioarchitectural find-
ings, and hemodynamic status. In this review, we propose a
classification of vascular pathology based on imaging, as
shown in Fig 1.

Arteriovenous Shunting

Intracranial AVM. AVMs are defined as vascular anomalies
with tangles of abnormal dysplastic blood vessels (nidus)
that communicate arteries with veins without intervening
capillaries, resulting in a high-flow, low-resistance arteriove-
nous shunt with an unclear pathogenesis. AVMs may exist
in up to 1.4% of the general population and have a similar
male/female distribution in the pediatric population. AVMs
are usually asymptomatic, with a low rate of hemorrhage
(nearly 1% per year) in unruptured cases, and approximately
16% of cases are incidentally found. Symptomatic patients
generally present with intracranial hemorrhage (52%), head-
ache without bleeding (20%), and seizures without bleeding
(12%). After rupture, the rate of rebleeding increases 5-fold.3

The genetic basis of AVMs is still unknown, with patho-
genic variants in multiple genes involved in angiogenesis,
such as ALK1, RASA1, ENG, ACVRL1, EPHB4, SMAD4,
and KRAS/BRAF. Two syndromes are associated with
AVMs: hereditary hemorrhagic telangiectasia (HHT) and
capillary malformation-AVM. The latter is multifocal, usu-
ally small, but sometimes large and confluent.4

AVMs are usually supratentorial lesions present on CT
as hyperdense serpentine vessels or on MRI as a tangle of
serpiginous flow voids around an intraparenchymal nidus,
with a marked flow enhancement and, usually, minimal
mass effect (Fig 2).4 There are 2 varieties of nidus: 1) The
typical glomerular or compact type consists of aberrant
vessels without any normal brain tissue interposed, and 2)
the proliferative type, which is less common, and is char-
acterized by a normal brain parenchyma scattered
throughout the tangle of capillaries. When the last one
occurs, proliferative angiopathy or cerebrofacial arterio-
venous metameric syndrome (CAMS) needs to be consid-
ered in the differential diagnosis.5 Complications such as
edema and hemorrhage may be related to AVMS, and
when there is an acute bleeding, phase-contrast MRA
with subtraction is frequently helpful in removing the he-
matoma components.

The imaging modality assessment of AVM includes CTA
and DSA, both require contrast media, and MRA, which
may be without contrast through the 3D TOF technique
or 4D flow MRI (3D phase-contrast), or the dynamic con-
trast-enhanced sequence (time-resolved imaging of contrast
kinetics [TRICKS]/time-resolved imaging with stochastic
trajectories [TWIST]).6

In angiographic studies, AVMs have 3 main compo-
nents: enlarged feeding arteries, nidus (“honeycomb”
vascular channels), and a dilated early draining vein.
The AVM nidus can change with time, and the intranidal
“aneurysm” represents an angioarchitectural weak point
and should be actively sought. Because AVMs usually pres-
ent as a nontraumatic intracranial hemorrhage in a toddler,
angiography examinations should be promptly performed.4

Perfusion analysis can be performed using whole-brain
perfusion studies. Kim and Krings,7 2011, described 3 distinct
patterns of extranidal and perinidal brain parenchymal

FIG 1. To narrow the differential diagnoses of pediatric neurovascular disease, we propose a schematic classification according to the presence or ab-
sence of shunting and vessel morphology.
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perfusion: 1) functional steal clinically present as seizure,
characterized by decreased CBF, CBV, and MTT; 2) ische-
mic steal, characterized by decreased CBF and CBV and
increased MTT presenting as a focal neurologic deficit;
and 3) venous congestion, characterized by increased CBV
and MTT with different clinical symptoms such as neu-
rologic deficit, seizure, hemorrhage, and chemosis.7

After treatment, brain perfusion follow-up images, par-
ticularly ASL, can help identify and quantify the remain-
ing high-flow intranidal areas (Fig 3).8,9

The AVM classification and grading are usually based
on the Spetzler-Martin scale (Table 1), which evaluates
the size of the nidus, location, and venous drainage with
a score ranging from 1 to 5. A high score correlates with a
high risk of open surgery. Grade 6 describes inoperable
AVMs.10 The treatment for AVMs includes clinical man-
agement, endovascular embolization, microsurgical resec-
tion, stereotactic radiosurgery, or multimodal therapy.3

Dural AVF. A dural AVF is an extremely rare vascular pedi-
atric malformation and can be divided into 3 types: dural
sinus malformation with dural arteriovenous shunting
(dAVS), infantile dAVS, and adult-type AVS. Dural sinus
malformation presents as anatomically focal dilated and
bulging dural sinus ectasia. It has 2 types: 1) in the midline
involving the confluence of sinuses and adjacent sinuses; and
2) off-midline involving the jugular bulb, which represents a
petromastoid-sigmoid sinus high-flow AVF with preserved
cerebral venous drainage. The most significant prognostic

FIG 2. AVM. Arterial CTA (A) shows an enhancing vascular lesion in the left parasagittal frontal lobe. Dynamic time-resolved imaging of contrast
kinetics (TRICKS) MRA (B) and Subtraction (C) shows a superficial cortical vein drainage (B) with left MCA ectasia (C).

FIG 3. AVM. Axial T2-weighted MRI (A) demonstrates multiple vascular structures at the left frontoparietal junction, with a superficial nidus visible on
dynamic time-resolved imaging of contrast kinetics (TRICKS) MRA (B), and high CBF on ASL (C).

Table 1: Spetzler-Martin Scalea

Size of Nidus Eloquence Area Venous Drainage

Small (<3 cm)¼ 1
Medium (3�6 cm)¼ 2
Large (>6 cm)¼ 3

Noneloquent¼ 0
Eloquent¼ 1

Superficial veins only¼ 0
Deep veins¼ 1

aEloquent brain: sensorimotor, language, visual cortex, hypothalamus, thalamus,
brain stem, cerebellar nuclei, or regions immediately adjacent to these structures
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markers that should be evaluated with MRI are the involve-
ment of the torcula, the condition of the jugular bulb, and
the signs of cavernous sinus recruitment.2 Early dAVS cor-
rection and preservation of the impaired venous outflow
through anticoagulation with low-molecular-weight heparin
are the treatment objectives.11

Infantile dAVS is the most frequent type in childhood and
is characterized by dural high- and low-flow shunts, often
multifocal, draining into an enlarged sinus that remains
patent for a long time, lacks progressive neurologic deficits,
and is usually diagnosed in older children. Arterial emboli-
zation is usually partial, and recurrence leads to a poor
prognosis.2,12

The probable pathogenic origin of adult-type AVS (Fig 4)
is a focal angiogenic response to venous thrombosis. The
cavernous sinus is the most common location, and the sig-
moid sinus is rarely involved. It has an often favorable evo-
lution because spontaneous regression often occurs.12

Pial AVF. Pial AVFs (pAVFs) are rare but clinically relevant
vascular lesions of the CNS characterized by direct arterial
connections to a pial venous channel without an intervening
nidus. The incidence of these lesions ranges from 3% to

4.8%.13 Although pAVFs are frequently thought of as con-
genital lesions, a few uncommon examples of acquired
pAVFs have been reported in the literature.14 Genetic studies
on pAVFs are limited. The specific genes associated with the
development of pAVFs have not been extensively character-
ized; however, they have been reported to be associated with
hereditary hemorrhagic telangiectasia (HTT) and capillary
malformation-AVM. Clinical manifestations can include
high-output cardiac failure, macrocrania, neurodevelopmental
delay, seizures, venous infarctions caused by venous steno-
sis, or hemorrhage due to venous thrombosis, depending
on the patient’s age. Depending on the clinical and angio-
graphic criteria, pAVFs can be treated with microsurgery,
endovascular procedures, or a combination of both.15,16

Vein of Galen Aneurysmal Malformation. Vein of Galen
aneurysmal malformation (VGAM) is characterized by the
failure of regression of the median prosencephalic vein
(MPV, or vein of Markowski) around the 11th week of ges-
tation, along with an MPV arteriovenous fistula (AVF)
involving deep choroidal arteries. This condition is usually
associated with persistence of the falcine sinus and absence
of the straight sinus.17 Recent studies have identified a

FIG 4. Congenital dural fistula. A, Coronal T2WI MRI shows tortuous vessels with flow voids. B, Axial FLAIR shows cerebellar white matter edema
due to venous congestion (dotted arrow) with dilated vessels in the subarachnoid space (arrow). Angiography (C) shows a complex multiple-feeding
artery AVF with stenosis / occlusion of the jugular bulb (circle). Note the resolution of cerebellar white matter edema after embolization (D).
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genetic background in VGAM patients, including mutations
in RASA1 (RAS p21 Protein Activator 1) and EPHB4
(Ephrin type-B receptor 4), which encode proteins involved
in vascular development. VGAM is the most common cause
of extracardiac high-output cardiac failure in neonates and
is classified into two types according to the Lasjaunias sys-
tem: mural and choroidal (Fig 5). The mural type VGAM is
a direct AVF, characterized by a single or multiple arterial
fistulas at the inferolateral margin of the MPV, while the
choroidal type is a more primitive and severe condition, pre-
senting as a complex vascular network with small, nidus-
like vessels carrying arterial flow into the anterior aspect of
the MPV (Fig 6). The MPV typically drains into the straight
sinus (if present) and subsequently through the transverse
and sigmoid sinuses. However, alternative drainage routes
through the cavernous sinus may develop in cases of sigmoid
sinus or jugular bulb occlusion.18 The venous system should
be carefully assessed, particularly looking for internal cere-
bral vein drainage into the VGAM, jugular bulb or sigmoid
sinus stenosis, and the superior sagittal sinus (SSS) and fal-
cine/straight sinus diameter. SSS stenosis and dilatation of
the falcine or straight sinus are associated with poor progno-
sis.19 Some studies provide quantification of sinus stenosis
and dilatation: the SSS index is calculated as the width of
the flow void in the sagittal sinus on coronal T2SE divided
by the biparietal diameter, multiplied by 100. An SSS index
of �3 at onset is associated with poor clinical outcomes.20

Additionally, a straight or falcine sinus diameter greater
than 6.2 mm in neonates and 5.2 mm in fetuses (measured
at its narrowest mediolateral point in the craniocaudal axis)
is also associated with poor prognosis, indicating the need
for earlier intervention.19 Other prognostic features that
should be assessed include ventricular dimensions and the
integrity of the brain parenchyma, with particular attention
to ischemic infarcts, calcifications secondary to venous con-
gestion, and cavitations in the white matter. Additionally,
associated findings to look for include MCA pseudofeeders,
which are enlarged branches of the M2 or M3 segments of
the MCA that supply the brain parenchyma but do not feed
the AVM. This finding suggests impaired cerebral blood
flow and is critical for prognostic evaluation. Occasionally,
a hair-like collateral network of vessels may develop in the
thalamus, resembling a “true” AVM. This phenomenon,
known as fine, vascular network formation (FVNF), is
acquired and reversible, typically resolving after treatment
completion, and its resolution correlates with the closure
of the vein.21 The urgency of treatment depends on clinical
conditions, as well as cardiothoracic and intracranial
parameters. Management typically involves surgery, endo-
vascular procedures (most commonly transarterial emboli-
zation), or gamma knife treatment. If left untreated,
VGAMs usually lead to chronic venous ischemia, presenting
as subcortical white matter calcification, subependymal at-
rophy, and ventricular dilation due to either hydrocephalus
or parenchymal volume loss.22

Cerebral Proliferative Angiopathy. Cerebral proliferative
angiopathy is a separate entity from AVM, being rare in pe-
diatric patients. It is characterized by a diffuse and dense
vascular network with intermingled normal brain paren-
chyma and the absence of dominant feeders. The term
proliferative is related to new blood vessel formation in
this disease, which is presumably induced as a partial
response to cortical ischemia. On imaging, cerebral prolif-
erative angiopathy often appears as a tiny and tortuous
blood vessel network among healthy brain tissues and
may be linked to hemorrhage, calcifications, or perilesional
edema (Fig 7). The key to distinguishing this illness from
traditional brain AVMs is the absence of obvious early ve-
nous drainage on dynamic imaging.5 Treatment involves a
multidisciplinary approach that aims to enhance blood sup-
ply to healthy brain tissue, manage symptoms, and prevent
complications.23

Metameric Vascular Syndromes. These metameric vascular
diseases are characterized by segmental vascular anomalies
involving the spine and craniofacial region.They can be di-
vided phenotypically as CAMS, cerebrofacial venous meta-
meric syndromes (CVMS), spinal ateriovenous metameric
syndromes, and some authors also includes PHACES syn-
drome (P: posterior fossa malformations, H: hemangi-
omas, A: arterial anomalies, C: coarctation of the aorta

FIG 5. Drawing of VGAM subtypes: mural-type (A) and choroidal-type (B).
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and cardiac anomalies, E: eye [ocular] anomalies, S: ster-
nal clefting and/or supraumbilical raphe).24 Cerebrofacial
vascular metameric syndrome has been related to postzy-
gotic (mosaic) activating pathogenic variants in the PI3K–
RAS–MAPK pathway, especially in the PIK3CA and TEK
receptor tyrosine kinase (TEK) gene pathways.25,26 CVMS
and Sturge-Weber will be described in nonshunting venous
diseases.

CAMS, is characterized by the presence of multiple
AVMs in the brain parenchyma and facial regions (Fig 8),
including Wyburn-Mason syndrome or Bonnet-Dechaume-
Blanc disease, which primarily involve the brain, orbits, and
facial structures. CAMS has 3 classic subtypes that may
overlap, resulting in mixed phenotypes:27

• CAMS type 1 includes the medial prosencephalon and
AVMs in the corpus callosum, hypothalamus (hypo-
physis), and nose

• CAMS type 2 affects the lateral prosencephalon, with
AVMs in the occipital lobe and optic tract, including
the thalamus, retina, and maxilla

• CAMS type 3 involves the rhombencephalon, with
AVMs in the cerebellum, pons, andmandible.

The diagnosis relies on neuroimaging, initially, MRI, fol-
lowed by DSA, which is essential to confirm the diagnosis and
evaluate the angioarchitecture and AVM hemodynamics. The
treatment is variable and should be evaluated individually.2,27

HHT

Hereditary hemorrhagic telangiectasia or Osler-Weber-
Rendu is an autosomal disorder with prevalence of 1:5000
people in North America and is the most classic syndrome
related to multiple brain AVMs. The prevalence of HHT in
patients with brain AVMs is approximately 2%–3%, and

FIG 6. VGAM. Axial T2WI MRI (A) shows a markedly enlarged median prosencephalic vein of Markowsky, characteristic of a Galen vein aneurysmal
malformation. Oblique sagittal arterial (B) and venous (C) MRAs show multiple enlarged arterial branches coalescing on the dilated recipient vein
(circle) and persistence of the falcine sinus. (arrow in C).

FIG 7. Cerebral proliferative angiopathy. Coronal T2WI MRI (A) demonstrates intraparenchymal dilated flow voids involving the right frontoparietal
lobes (arrows). Coronal MRA (B) and oblique coronal angiography (C) highlight the absence of early venous drainage and a diffuse nidus with mild
enlargement of the feeder arteries (circles).
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among patients with HHT, 5%–23% may show brain
AVMs. HHT has a multisystemic involvement with clinical
diagnosis based on the presence of the following criteria:
recurrent spontaneous epistaxis, multiple mucocutaneous telan-
giectasia (including oral cavity, lips, fingers, and nose), visceral
AVMs, and a first-degree relative with HHT. The presence of 3
of 4 criteria is a “definitive” diagnosis, while “suspected” is the
presence of 2 criteria and “unlikely” is when there is only 1 cri-
terion present. The genotype of HHT is caused by a mutation
in some different genes, such as endoglin or ENG for HHT
type 1, the HHT type 2 is related to activin A receptor-type
II-like 1 (ACVRL1) or ALK1. Myhre syndrome, a juvenile pol-
yposis HHT, is related to SMAD4 mutation, and HHT type 5
is associated with growth differentiation factor 2, bone mor-
phogenic protein 9. Types 3 and 4 are clinically defined, but the
genetic cause remains unknown.28 The 3main types of vascular
CNS abnormalities are AVMs, Pial AVFs, and capillary malfor-
mation, which are usually located in the supratentorial com-
partment and are superficial. Brain AVMs tend to be small, and
when<1 cm, they are called “micro-AVMs.”

These are the most common HHT-related CNS vascular
malformations. Other vascular CNS findings include devel-
opmental venous anomalies, VGAMs, and mixed lesions.
Arterial aneurysms (Fig 9) have also been described in up
to 10% and may be associated with older age, the pres-
ence of unrelated AVMs, and the presence of the

ACVRL1 mutation.29 These lesions may rupture and
bleed. Therefore, screening is important, though no consen-
sus has been reached in the literature. Some centers recom-
mend, for individuals with definitive HHT, screening with
MRI in the first 6months of life or at the time of diagnosis,
followed by imaging every 5years until 25 years of age,
whereas others perform imaging during childhood and later
in adulthood.28,30

FIG 8. CAMS. Axial arterial MRA (A), axial oblique arterial MRA with MIP (B), and sagittal oblique DSA (C) show multiple arterial branches adjacent to
left ophthalmic artery involving the left optic canal and nerve (arrow), left orbit medial canthus, and bilateral nasal soft tissue (dotted arrow). MIP sag-
ittal venous MRA (D) shows a complex facial arteriovenous malformation.

FIG 9. HHT. 3D axial volume-rendering reconstruction arterial CTA shows
a saccular aneurysm in the left MCA bifurcation (arrow).
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Nonshunting Venous

Sturge-Weber Syndrome and CVMS. CVMS includes the
spectrum of cervicofacial venous malformations as a part of
metameric slow-flow vascular malformations with the pres-
ence of deep venous anomalies (DVA) and/or dural venous
sinus anomalies, such as dural ectasia and persistent falcine
sinus, and/or the presence of cavernous malformations (CMs).
CVMS can be clinically suspected on the basis of the presence
of a large facial port wine stain or extensive hemifacial venous
vascular malformations. DVAs are usually present in the
same metamere in nearly 75% of cases and are ipsilateral in
approximately 80% of cases in a large series study. The clas-
sic form of CVMS is Sturge-Weber syndrome, or encephalo-
trigeminal angiomatosis (Fig 10), which has been linked to a
nucleotide transition in GNAQ on chromosome 9q21 and
is characterized by facial port wine staining associated with
cortical atrophy/calcifications, volume loss, and leptomenin-
geal angiomatosis on the same side as the facial stain.31,32

DVA. DVAs are common incidental findings in neuroimag-
ing studies, representing an anatomic venous variation in
the CNS. The main DVAs are sporadic, typically isolated,
and not associated with underlying genetic mutations;
however, they can be found in a subset of genetic-related
cavernous malformations or associated with other vascular
malformations, such as venous malformations of the face,
head, and neck. DVAs appear as a radial arrangement of
small veins draining into a large central vein with a typical
“caput medusae” appearance.33 In a review of neonatal
DVAs, this venous variant was detected in approximately
2% of cases; one-third of neonatal DVAs may be compli-
cated by parenchymal abnormalities, including hemorrhage,
infarction, and gliosis; The multiplicity of DVAs (presence
of �1) was significantly associated with complications.
However, in most cases, neurologic outcomes are favorable
and self-limiting.34

Venous Varix. Venous varix, also known as cerebral venous
aneurysms or cerebral varix, is an uncommon intracranial
vascular abnormality, and the prevalence and clinical signifi-
cance of these conditions are not well-established. This con-
dition is usually related to other vascular malformations
such as dural AVFs and is rarely found alone. On imaging,
clearly defined spindle-shaped focal venous dilation with a
distinct boundary and smooth contours may be associated
with bone erosion (Fig 11). This appearance can mimic a
meningioma on CTandMRI because of its cortical location;
however, bone erosion may help in the differential diagnosis.
DSA and MR venography may aid in making a definitive
diagnosis and revealing the venous anatomy of the varix.35

Torcular pseudomass

The torcular pseudomass is characterized by redundant extra-
axial soft tissue between the torcular herophili and occipital
squama, with a frequency estimated around 12.7%. On imag-
ing, it presents as a mass isointense on T1WI and hyperintense
on T2WI to the cerebral cortex, high signal on DWI/ADC
map, and may show contrast enhancement (Fig 12). Torcular
pseudomass is an incidental finding that should be physiologi-
cally related to the postnatal period. It is not associated with
factors related to delivery and usually shows complete resolu-
tion during follow-up, though sometimes it may be found in
older individuals.36

Capillary

CMs. CMs, the so-called cavernomas, are the most common
angiographically “occult” vascular malformations and are
classified as slow-flow venous malformations composed of
sponge-like clusters of hyalinized dilated thin-walled capilla-
ries with surrounding hemosiderin (Fig 13). They are usually
sporadic but can be genetically determined. When hereditary,
they are autosomal dominant with variable penetrance, with
usually multiple CMs and associated mutations in CCM1

FIG 10. Sturge-Weber syndrome. Axial T1 contrast-enhanced MRI (A) shows prominent leptomeningeal enhancement in the right cerebral hemisphere
(arrows) with parenchymal volume loss. Axial T2 gradient-recalled echo (B) shows subcortical calcifications (arrowhead).
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(KRIT1), CCM2 (MGC4607 or malcaverin), or CCM3
(PDCD10 or programmed cell death 10) protein-encoding
genes, indicating that CCM1 is associated with more lesions
throughout life, while CCM3 is associated with a higher risk
of hemorrhage. The main differential diagnosis of multiple
familial CMs is related to postradiotherapy CMs, with
<10% of multiple CMs related to sporadic cases.37 On CT,
they usually appear as hyperdense nodular lesions, with nor-
mal findings onMRA and DSA, while onMRI, they have dif-
ferent forms of presentation described by Zabramski et al:38

• Type 1 (subacute hemorrhage) with a T1-hyperintense
core and T2-hyper- or hypointense core surrounded by a
hypointense rim

• Type 2 (classic popcorn appearance) with a T1 and T2
mixed-signal core with a surrounding T2 hypointense
rim

• Type 3 (chronic hemorrhage) with a T1 iso- or hypoin-
tense core and a T2-hypointense rim and T2� low-signal
rim with blooming

• Type 4 is poorly seen on T1 and T2, presenting as a punc-
tate hypointense lesion on T2�.

The most commonly associated abnormalities are DVA,
superficial siderosis, T2/FLAIR white matter hyperintensity,
and cutaneous abnormalities such as café au lait spots and hy-
perkeratotic capillary-venous malformations. Incidental CMs
have an overall annual bleeding rate of approximately 0.5%–
1%, whereas previous bleeding lesions have a rate of >18%
for hemorrhage recurrence within 3years. After bleeding, to
better visualize the CMs images, follow-up should be per-
formed after clot re-absorption 4–6weeks later. Management
can be performed through clinical observation or surgical
resection. Imaging screening should be considered for first-
degree relatives of patients with multiple or familial CMs.3

NONSHUNTING ARTERIAL

Morphology

Phenotype ACTA2Mutation The Arg179His ACTA2 muta-
tion is a cause of multisystem smooth-muscle involvement,
classified as a prototype example of nonatherosclerotic cere-
bral arteriopathies, and is not a variant of Moyamoya dis-
ease. Arteriopathy is characterized by a straight course of
the cerebral arteries (“broomstick appearance”), proximal
internal carotid artery dilation and stenosis or occlusion of
the distal ICAs without Moyamoya-like collaterals. In a
review of the ACTA2 phenotype in the brain parenchyma,
all patients presented with a V-shaped hypoplastic corpus
callosum, abnormal radial gyration of the frontal lobes, a
deficient anterior cingulate gyrus, and a variable degree of
fornix horizontal orientation and thickening. Ninety-three

FIG 11. Venous varix. Coronal T1 contrast-enhanced MRI shows fusiform
cortical venous varix (arrow).

FIG 12. Torcular pseudomass. Axial T1WI MRI (A) shows a redundant soft tissue between the venous sinuses confluence and the occipital squama pos-
terior to the Herophili torcula (arrow). The sagittal T1 contrast-enhanced MRI (B) shows that the tissue has a slight enhancement (arrow).
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percent had the “twin peaks pons sign” characterized by
reduction of the anterior-posterior diameter on the midline

and an impression of the basilar artery on the anterior surface
with the consequent presence of 2 symmetric prominences

resembling twin mountains and also multiple indentations on
the surface of the pons in parasagittal view, probably due to

the compression of straightened pontine arterial branches.
Eighty-five percent presented with “squeezing” appearance

of the midbrain cerebral peduncles (Fig 14).39

Menkes disease

Menkes disease, also known as trichopoliodystrophy or

kinky hair kinky vessel syndrome, is a rare X-linked reces-
sive disorder that affects males and is caused by a mutation
in the ATP7A gene (Xq13.2-q13.3) that results in derange-

ment in copper absorption and cellular metabolism. The
main clinical findings were early growth failure, classic

kinky hair (pili torti), seizures, developmental delay, and
urinary bladder diverticula. The CNS findings associated

are the following: 1) intracranial vessel tortuosity that

increases during follow-up without arterial ectasia or ste-
nosis; and 2) white matter lesions can be divided into 3

subtypes: a) tumefactive lesions, which are vasogenic
edema that spares the cortex with a mild mass effect

mostly involving the temporal lobe and do not have a vas-
cular/ischemic pathogenesis and may also be reversible; b)

DWI-hyperintense centrum semiovale lesions that have
an imaging appearance of cytotoxic-like lesions that may

show a persistent DWI restriction on follow-up; c) the
focal nontumefactive white matter lesion that has a fre-

quency above 40%; d) abnormal myelination, though
most children have normal myelination at birth (On

follow-up, abnormal supratentorial myelination is usually
reported.); and e) subdural collections that are a relatively

common finding (Fig 15).40,41

Vasculopathy Associatedwith Connective Tissue
Disorder

Connective tissue disorders are caused by defects that impair

connective tissue, resulting in weakened vessel walls,

FIG 13. Cavernous malformation. Axial SWI shows multiple CMs (arrow) with blooming effect (circle) and adjacent superficial siderosis (dotted
arrow).

FIG 14. ACTA-2 mutation. A, Coronal MIP MRA shows dilation of the proximal ICAs, narrowing the distal ICAs, and straight “broomstick-like” arteries
of the circle of Willis (arrow). Sagittal T2WI (B) shows typical hypoplasia and bending of the anterior corpus callosum associated with a deficient an-
terior cingulate gyrus (arrow). Axial T1WI (C) demonstrates the characteristic V-shaped anterior corpus callosum (white circle).
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including Marfan syndrome, Ehlers-Danlos syndrome
type IV, and Loeys-Dietz syndrome (LDS), which are
autosomal dominant but may occur as sporadic muta-
tions. Marfan syndrome is caused by a defect in the fibril-
lin-1 gene familial disorder of connective tissue with
variable phenotypic expression, especially musculoskel-
etal, ocular, and vascular manifestations, including arte-
rial tortuosity and intracranial aneurysms.42 Ehlers-
Danlos syndrome (Fig 16) has various phenotypes (multi-
ple syndromes), highlighting type IV caused by a defect in
the gene that encodes for type III collagen, COL3A1,
which may show arterial rupture, dissections, aneurysms,
and cavernous-carotid fistulas.43 LDS is caused by heter-
ozygous mutations in the genes encoding transforming
growth factor B receptor traced to chromosomes 9q33
and 3p24, with a clinical triad of hypertelorism, arterial
tortuosity, aneurysms, or dissections, and bifid uvula or
cleft palate.44 The measurement of tortuosity indexes of
intracranial arterial segments on a 3D volume-rendered
angiogram, specially the vertebrobasilar system, may
help to predict LDS and, in some cases, differentiate LDS
from Marfan syndrome.45

Agenesis/Hypoplasia

Neurofibromatosis Type 1.Neurofibromatosis type I (NF1),
or von Recklinghausen disease, is a neurocutaneous auto-
somal dominant disorder that affects 1:3000� 5000 indi-
viduals. The NF1 gene locus is located on the long arm of
chromosome 17, which produces neurofibromin that acts
as a tumor suppressor of the Ras/MAPK pathway and is
also classified as a RASopathy. On imaging, it is character-
ized by hypoplastic or aplastic carotid canals, vascular dys-
plasia, nonenhancing T2/FLAIR signal white matter
abnormalities, soft-tissue plexiform neurofibromas, pri-
marily optic pathway gliomas, skeletal dysplastic lesions,
and skin café au lait spots. In a review of the general vascu-
lar abnormalities of NF1, the most common abnormalities
were aneurysm, arterial stenosis, AVM, and arterial com-
pression, or invasion by neural tumors (Fig 17). Vascular

abnormalities in pediatric patients are around 18%, with
the Moyamoya pattern being the most common vascular
abnormality.46,47

PHACES syndrome

It is a phacomatosis of unknown etiology that represents an
acronym for posterior fossa malformation (P), hemangioma
(H), arterial cerebrovascular anomalies (A), coarctation of the
aorta and cardiac defects (C), eye abnormalities (E), and ster-
nal clefting or supraumbilical raphe (S). Cerebral and cervical
arterial anomalies are the most common extracutaneous
abnormalities, characterized by vascular dysplasia, aberrant or-
igin or course, absence or agenesis, hypoplasia, stenosis, occlu-
sion, persistence of fetal vessels, and presence of saccular
aneurysms (Fig 18).48 According to brain MRA findings, the
risk of a cerebrovascular accident can be graded as the follow-
ing: 1) low: findings without or with a very low clinical impact
on patient outcome, such as primitive embryonic circulation
or an anomalous course; 2) intermediate: nonstenotic dysgene-
sis, narrowing or occlusion without hemodynamic risk in
proximal arteries of the circle of Willis; and 3) high: significant
narrowing (>25%) or occlusion of main cerebral vessels
within or above the circle of Willis, which results in an
“isolated” circulation or tandem or multiple arterial
stenoses associated with complex blood flow leading to a
possible reduction on cerebral perfusion. Neurologic and
cognitive deficits are usually associated with cerebrovascular
anomalies and are closely associated with morbidity in these
patients, though there are few reports on their long-term
outcomes.49

Retemirabile anomaly

The Rete mirabile anomaly or twig-like MCA (Fig 19) is
characterized by a net of vascular channels instead of a M1
trunk of the middle cerebral artery. It is hypothesized as an
abscent MCA with a persistent primitive plexus of the
MCA, with no steno-occlusive disease of the distal ICA (to
diferentiate from MoyaMoya pattern). There is some con-
troversy, though, as a unilateral pattern of anastomotic
brigdes has been described to evolve after unilateral arterial

FIG 15. Menkes disease. Intracranial MRA 3D reconstruction (A) shows tortuous arteries (arrows) with focal stenosis (arrowhead). Axial DWI (B) shows
centrum semiovale areas of infarction (arrows). Courtesy of Dr. Cecilia Purcallas, Montevideu, Uruguai.
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FIG 16. Vasculopathy secondary to a connective tissue disorder (Ehlers-Danlos). Oblique sagittal arterial cervical MIP MRA (A) shows a pseudoaneu-
rysm related to cervical dissection (arrow). Axial DWI (B) shows a focal cerebral infarction in the left occipital lobe, and sagittal intracranial MRA MIP
(C) shows a microfistula (arrow) and developmental venous anomalies (dotted arrow).

FIG 17. NF1. Coronal MIP MRA (A) shows agenesis of the right ICA (arrow). Axial CT scan bone window (B) shows a remarkably reduced carotid canal
(arrow).
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focal arteriopathy / poststroke (REF). The patient may be
asymptomatic,though in some cases, it may be related to a
hemorrhagic or ischemic stroke. Conventional cerebral an-
giography is recommended for diagnosis, and treatment is
usually conservative.51

Dilation

Aneurysm. The prevalence of intracranial aneurysms is
much lower in children than in adults. Pediatric intracranial
aneurysms include saccular, posttraumatic (dissecting aneur-
ysms), infectious, and genetically related, such as PHACE,
ACTA-2, polycystic kidney disease, HHT, hereditary angi-
opathy with nephropathy, aneurysms, and muscle cramps
(HANAC) syndrome, Tuberous sclerosis, Ehlers-Danlos, and

Marfan, and Klippel-Trenaunay syndromes, among others.
Hereditary aneurysms in children and young adults range
from 5% to 20% and<5% of prepubertal patients. Children
are more likely to have giant aneurysms (>2.5 cm) than mul-
tiple aneurysms. The patient is usually asymptomatic or can
present with headaches, loss of consciousness, seizures, focal
deficits, and vision changes. Aneurysmsof>3mm or sympto-
matic are usually treated, and mycotic aneurysms may regress
with antibiotic therapy. When indicated, imaging follow-up
is usually with MRA at baseline, 6months after baseline, and
annually for 5years, followed by every 3–5years for
life.3,52,53

Intracranial Arterial Dissection and Pseudoaneurysm

It is a rare entity present in childhood usually related to
head trauma, extension of cervical arterial dissection, intra-
cranial infections, mainly involving the internal carotid and
middle cerebral arteries.54 Intracranial pseudoaneurysms
are rare, accounting for <1% of all intracranial aneurysms,
and are unstable lesions without a complete aneurysm wall
structure, corresponding to an organizing hematoma and fi-
brosis outside the true lumen instead of normal vascular ele-
ments (Fig 20). They can present with seizures, focal
neurologic deficits and intracerebral hematoma, and the
treatment may be craniotomy or endovascular procedures).55

Fabry Disease

Fabry disease is a lysosomal storage disorder that affects
multiple organs and is associated with mutations in the
GLA gene, which produces the enzyme a-galactosidase A.
Clinical signs might vary and rely on the particular gene
deficiency and level of residual enzyme activity, with several
phenotypes affecting both males and heterozygous females.
The main neuroimaging findings are stroke (with a predilec-
tion for females and young subjects), white matter hyperin-
tensities (the most common neuroimage finding observed in
up to 80% of patients), vascular dolichoectasia (the verte-
brobasilar system is commonly affected), and other vessel
abnormalities such as elongation, tortuosity, and focal

FIG 18. PHACES syndrome. Sagittal T1WI (A) shows a patient with a posterior fossa cystic malformation (arrow). Oblique coronal intracranial MIP MRA
(B) shows absence of right ICA and left vertebral artery.

FIG 19. Rete mirabile or twig-like. Axial arterial MRA MIP indicates an
abscent left MCA with multiple vascular channels without distal ICA ste-
nosis (arrow).
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aneurismal dilation. The pulvinar sign is characterized by
unilateral or bilateral hyperintensity of the thalamic pulvi-
nar on unenhanced T1-weighted brain MRI, present in only
3% of patients, mostly observed in male patients with severe
renal involvement. Due to its low incidence and specificity,
it should no longer be recognized as a neuroradiologic clas-
sic finding of Fabry disease.56

Stenosis

Moyamoya Pattern. The Moyamoya pattern can present
as primary idiopathic Moyamoya disease (MMD) or sec-
ondary causes, such as NF1, Down syndrome, and sickle
cell anemia, also known as Moyamoya syndrome. MMD
is frequently seen in East Asian populations, more common
in Japan and Korea, and is correlated with a polymorphism
in the Ring Finger Protein 213 (RNF213) gene at chromo-
some 17q25.3, which is associated with an early onset and
severe form of MMD, though the spectrum of RNF213
variant mutation includes non-MMD disorders such as
intracranial atherosclerosis and systemic vasculopathy.57

MMD has a bimodal peak age of 5�10 years and later dur-
ing the fourth decade and clinically presents in childhood
as a recurrent TIA, while hemorrhage is rare, unlike in
adults. The typical pattern of MMD is a progressive nar-
rowing of the terminal internal carotid and proximal ante-
rior and middle cerebral arteries, rarely involving the
posterior circulation, which is followed by a development
of fragile collaterals, which cause the “puff-of-smoke”
appearance on angiography. The slow flow related to lep-
tomeningeal anastomosis presents as a hyperintense sig-
nal in the cortical sulcus on FLAIR, termed the “ivy
sign.” On postcontrast MR images it demonstrate corre-
sponding vascular enhancement (Fig 21). Cerebral perfu-
sion, including DSC-MR and ASL, can be used to
evaluate acute stroke areas and quantify revasculariza-
tion therapies.58,59 The vessel narrowing is graded

according to the Suzuki classification (Table 2), and
management, despite treating the main causes of second-
ary disease, is mainly by indirect bypass, such as ence-
phaloduroarteriomyosynangiosis, which consists of the
rerounting the artery, dura mater, and a layer of muscle
(usually the temporalis muscle) in the synangiosis,
bypassing the narrowed vessels of Moyamoya, or ence-
phaloduroarteriosynangiosis, which involves attaching
the superficial temporal artery and dura mater to the
brain surface without the use of a muscle graft or by
direct bypass of the superficial temporal artery with the
MCA, which is more often used in adults,. Successful re-
vascularization is characterized by a reduction of the ba-
sal collateral and improvement of MCA branches.60,61

Reversible Cerebral Vasoconstriction Syndrome and
Posterior Reversible Encephalopathy Syndrome

Reversible cerebral vasoconstriction syndrome (RCVS), or
Call-Flamming Syndrome, is a transient intracranial vascul-
opathy characterized by reversible, multifocal cerebral artery
vasoconstriction associated with thunderclap headaches
and/or focal neurologic deficits. It is more common in
adults, but it has been reported in pediatric patients, with a
male predominance. The reported triggers in children are
trauma, exercise, water to the face, hypertension, and med-
ication. In addition to vasoconstriction, it can be associated
with subarachnoid and/or intraparenchymal hemorrhage
and a reduction in CBF on ASL. RCVS may be associated
with posterior reversible encephalopathy, which is not
always posterior or reversible, and presents with headache,
encephalopathy, and seizures related to high blood
pressure. It is characterized by confluent subcortical
T2/FLAIR-hyperintense white matter on MRI or hypo-
dense white matter on CT, most commonly in the parie-
tooccipital lobes, followed by the frontal lobe and
vasoconstrictions (Fig 22), which may complicate ischemia
and hemorrhage.63,64 RCVS is a reversible syndrome, and

FIG 20. Pseudoaneurysm after surgical resection of a brain tumor. Axial venous MRA (A), 3D reconstruction from arterial angiotomography (A), and
arterial intracranial angiography show an elongated and dilated vascular structure (B and C) adjacent to the surgical cavity (arrow).
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the recommended imaging follow-up at 3months usually
shows resolution of vasoconstrictions. Additionally, an
improvement in CBF on ASL is expected on follow up,
even though in certain instances, an enhanced perfusion
may be seen, which may be connected to therapy-induced
reperfusion hyperemia.65

Vasculitis

Vasculitis is a heterogeneous group of diseases characterized
by blood vessel wall inflammation, which may develop as a
primary or secondary condition. The European League
against Rheumatism recently proposed new consensus crite-
ria for the classification of childhood vasculitis according to
the vessel involved: 1) predominantly large-sized vessel vas-
culitis (Takayasu arteritis); 2) predominantly medium-sized

vessel vasculitis (childhood polyarteritis nodosa, cutaneous
polyarteritis, and Kawasaki disease); 3) predominantly small-
vessel vasculitis subdivided into 2 groups: granulomatous
(Wegener granulomatosis and Churg-Strauss syndrome)
and nongranulomatous (microscopic polyangiitis, Henoch-
Schönlein purpura, isolated cutaneous leukocytoclastic
vasculitis, hypocomplementic urticarial vasculitis urticarial
vasculitis), and 4) other vasculitis (Behçet disease, vasculitis
secondary to infection, including hepatitis B-associated pol-
yarteritis nodosa, malignancies, and drugs, such as hyper-
sensitivity vasculitis, vasculitis associated with connective
tissue diseases, isolated vasculitis of the CNS, Cogan syn-
drome, and unclassified).66 Clinically, patients may present
with intractable seizures, paresis, cognitive deficits, and/or
cranial nerve deficits. The imaging work-up consists of a

FIG 21. Moyamoya pattern. Coronal MIP MRA (A) shows narrowing of the bilateral distal ICAs and proximal MCAs with secondary collateral vessels in
the Sylvian fissure on coronal T2WI (B). Axial FLAIR MRI (C) indicates hypersignal in the frontoparietal sulci, so-called ivy sign (arrows). Brain ASL
perfusion (D) demonstrates bilateral CBF reduction in the anterior and middle cerebral arteries circulation.

Table 2: Suzuki classification of Moyamoya disease62

Stage Definition

I Narrowing of carotid fork

II Initiation of the Moyamoya: dilation of ACA and MCA, initial Moyamoya blush

III Intensification of the Moyamoya: stenosis/occlusion of ACA and MCA, increased Moyamoya blush

IV Minimization of the Moyamoya: progressive stenosis/occlusion of ICA reaching PCA origin and reduction of Moyamoya blush

V Reduction of the Moyamoya: occlusion of ICA, ACA, and MCA, and collateral supply from ECA

VI Disappearance of the Moyamoya: no blood supply from ICA; intracranial blood supply made exclusively by ECA and vertebral artery.

Note:—ECA indicates external carotid artery; ACA, anterior cerebral artery; PCA, posterior cerebral artery.
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brain MRI with MR angiography/venography and DSA.
The last one is the criterion standard for the diagnosis of
these conditions. Imaging findings include vessel narrowing,
beading, multiple dilatations, aneurysms, avascular mass
lesions, concentric thickening with enhancement and some
studies may still be normal.

For primary CNS angiitis (Fig 23), the most common vas-
cular involvement is unilateral and proximal, involving the
anterior circulation with multifocal parenchymal lesions
within a lenticulostriate distribution. Biopsy remains the cri-
terion standard for diagnosis.67 Some vasculitis cases may
present as transient cerebral arteriopathy or focal cerebral
arteriopathy, including varicella zoster virus infection,
which is one of the most common causes of arterial ischemic
stroke in children (Fig 24). The imaging findings are

unilateral focal or segmental stenosis or occlusion involving
the distal part of the internal carotid and the initial segments
and branches of the ACA (anterior cerebral artery) and/or
MCA with enhancement of the affected arterial segment
demonstrated on vessel wall imaging.68 Transient cerebral
arteriopathy is usually treated with corticosteroids, which
may be associated with other medications depending on the
cause, and the progressive vascular findings have triple the
risk of recurrent ischemic events.69

Small Vessel Vasculopathy

Deficiency of Adenosine Deaminase 2. Deficiency of aden-
osine deaminase 2 is an autosomal recessive disorder of the
ADA2 gene (previously known asCECR1), which is located

FIG 22. RCVS and posterior reversible encephalopathy syndromes. Girl, 8 years of age, with a recent history of transplantation. Axial FLAIR
MRI (A) shows subcortical frontoparietal high signal (arrows) without DWI restriction (not shown), compatible with vasogenic edema.
Oblique sagittal MRA (B) demonstrates irregularities and multiple focal narrowing at the middle and posterior arterial branches and basilar
artery, related to vasoconstriction (arrows).

FIG 23. Patient with lymphocytic primary CNS angiitis confirmed by brain biopsy. Axial FLAIR MRI (A) shows high signal intensity in the left parietal
lobe (arrow) and splenium corpus callosum (arrowhead). Axial gradient-recalled echo image (B) demonstrates bleeding foci in the left parietal lobe
(arrow) and splenium corpus callosum (arrowhead). Axial T1 postcontrast MRI (C) indicates gyral enhancement (arrow).
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at 22q11.1 and has a wide clinical spectrum from cutaneous
findings, such as polyarteritis nodosa-like vasculopathy, to
pure hematologic disorders without vasculopathy. CNS
findings were reported in almost 75% of patients, character-
ized by lacunar infarctions and hemorrhages usually located
in the nucleocapsular, mesencephalic, and thalamic regions,
secondary to small- and medium-sized vessel vasculopathy,
in some cases with normal findings on arteriography.
Aneurysms may be associated with this syndrome, as well
as eccentric vessel wall thickening and enhancement,
especially at the origin of the brainstem perforators The
last one can lead to progressive arterial stenosis. The early
diagnosis and management of these pathologies with tu-
mor necrosis factor inhibitors leads to remission and pre-
vents future neurologic events.70

Vasculopathy Secondary to Systemic Lupus
Erythematosus

Pediatric systematic lupus erythematosus (SLE) affects 3.3–
8.8 per 100,000 children, and 20% of patients with lupus are
diagnosed in childhood. CNS SLE involvement or neuro-
psychiatric lupus erythematosus frequently occurs in pediatric
lupus. SLE vasculopathy predominantly affects arterioles and
capillaries, presenting with vessel tortuosity, endothelial pro-
liferation, perivascular inflammation, gliosis, and 31% of
patients with SLE had cerebral vasculitis. The imaging find-
ings were T2WI hyperintense in the justacortical, deep, and
periventricular white matter, lacunar infarction, brain atro-
phy, intracranial hemorrhage such as microhemorrhage, and
SAH. Although rare, when major intracranial hemorrhage is
present, it is associated with high mortality. Large infarctions
are reported in approximately 10%–15% of patients, with a
mean age of 35–40years. Vessel wall imaging may reveal
concentric wall thickening.71,72

CONCLUSIONS

Intracranial vascular diseases in childhood are a wide group
of pathologies and a clinical challenge because of the many

signs and symptoms in addition to asymptomatic patholo-
gies “to” and a clinical challenge due to its varible signs and
symptoms, or even the absence of them to look for in some
pathologies, and on imaging, these diseases can be classified
through shunting and nonshunting pathologies and later by
vessel morphology.
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