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Abbreviations

ABRA  Amyloid B-related angiitis

ACA Anterior cerebral arteries

CNS Central nervous system

CAA Cerebral amyloid angiopathy

CSF Cerebrospinal fluid

CCAD Cervicocephalic arterial dissection

FMD Fibromuscular dysplasia

GCA Giant cell arteritis

ICA Internal carotid artery

MCA  Middle cerebral artery

NAV Non-atherosclerotic vasculopathy

PRES  Posterior reversible ischemic encephalopathy
syndrome

PACNS Primary angiitis of the CNS

RCVS  Reversible cerebral vasoconstriction syndrome

SAH Subarachnoid hemorrhage

Case Presentation A 35-year-old woman developed a
severe headache associated with nausea and vomiting. She
had history of migraine with aura and generalized anxiety
disorder, treated with propranolol and fluoxetine respec-
tively. She took multiple doses of sumatriptan over a period
of 48 h with minimal relief. On day 3, she presented to the
emergency department with persistent intractable headache,
altered mental status, and intermittent tingling of the right
arm and face. She was disoriented to time and place, but
had no focal neurologic deficit. Ancillary blood tests were
normal. A CT scan of brain showed a cortical left frontal
subarachnoid hemorrhage (SAH). Cerebrospinal fluid exam-
ination showed elevated red blood cell count with normal
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white blood cells count and slightly elevated protein level.
A magnetic resonance angiogram (MRA) showed segmental
narrowing in the middle cerebral arteries (MCAs), anterior
cerebral arteries, and posterior cerebral arteries bilaterally, a
finding confirmed by catheter cerebral angiogram. MR veno-
gram was normal. Extensive vasculitis workup was non-con-
tributory. The diagnosis or reversible vasoconstriction was
made. She received intravenous magnesium sulfate, nimodip-
ine, and topiramate. Despite overall improvement, she con-
tinued to complain of constant waxing and waning headaches
for two consecutive weeks. On day 21, a CT scan of brain
showed resolution of the SAH, with persistent vasoconstric-
tion of the vessels of the circle of Willis bilaterally on CT
angiogram (CTA). At 12 weeks, a repeat CTA showed reso-
lution of vasoconstriction and normalization of vessels cali-
ber in the MCAs, ACAs, and PCAs. At 12 months, she was
asymptomatic except for occasional migraine attacks.

Introduction

Uncommon causes of stroke represent up to 5 % of all isch-
emic strokes [1]. Non-atherosclerotic vasculopathies (NAVs)
account for a minority of strokes and are of particular impor-
tance in children and young adults, accounting for 14-25 %
of strokes in patients under the age of 50. NAVs comprise a
great variety of diseases with various underlying mecha-
nisms including immunological, infective, collagen vascular,
and hematological conditions. Increased availability of mul-
timodal brain imaging and improved quality of noninvasive
angiographic imaging has allowed more accurate and timely
diagnoses, as well as better differentiation among such vas-
culopathies, resulting in appropriate management and
enhanced outcomes. Arterial dissection, both traumatic and
spontaneous, is the most common of the NAVs. Dissection is
often interlinked with other arteriopathies including fibro-
muscular dysplasia and collagen vascular disorders. Other
NAVs are being increasingly recognized, including reversible
cerebral vasoconstriction syndrome, unilateral intracranial

169

B. Ovbiagele, T.N. Turan (eds.), Ischemic Stroke Therapeutics, DOI 10.1007/978-3-319-17750-2_16


mailto:rdafer@northshore.org

170

arteriopathy of childhood, moyamoya disease, post-radiation
vasculopathies, and cerebral vasculitides. Mechanisms of
stroke in NAVs vary from traumatic vessel injury to inflam-
mation and infection, often in the setting of an underlying
genetic predisposition. This chapter reviews the clinical
manifestations, diagnosis, and management of the most
common NAVs.

Cervicocephalic Arterial Dissection

Cervicocephalic arterial dissection (CCAD) is the most com-
mon of the NAVs accounting for 2.5 % of all ischemic
strokes and for 15-20 % of cerebral infarctions in young
adults [2-6]. CCAD usually involves the extracranial pha-
ryngeal and distal segments of the internal carotid artery
(ICA), at times extending to its petrous or supraclinoid seg-
ment [7, 8]. Dissection affecting the vertebral arteries
accounts for one third of all CCADs [7, 8]. Vertebral artery
dissections usually involve the distal third segment of the
vessel, with intracranial extension occurring less frequently
[5, 7, 8]. Intracranial dissections may follow closed head
trauma or basilar skull fracture. A subintimal tear in a cervi-
cocephalic carotid or vertebral artery occurs, followed by
formation of an intramural hematoma within the layers of the
tunica media [7, 9]. Longitudinal extension of the hematoma
subsequently leads to tapering, luminal narrowing, focal ste-
nosis, or occlusion of the affected vessel [7, 9]. When the
intramural hematoma extends between the medial and
adventitial layers, a false lumen or pseudoaneurysm may
form [4, 5, 7]. Bilateral involvement is seen in 5—-10 % of
patients and usually raises the suspicion of underlying
genetic component [10, 11]. The etiopathogenesis of CCAD
remains unknown. Impaired endothelial-dependent vasodila-
tation occurs following a trivial trauma or when another pre-
cipitating event is present [9]. Hereditary, environmental,
infective, and intrinsic factors may increase the risk of
CCAD [11-14]. Abrupt cervical manipulation, in particular
neck rotation and extension such as during contact sports or
chiropractic manipulation, as well as minor neck extension
(beauty parlor syndrome) may increase the risk of dissection
(Table 16.1) [14-18]. Spontaneous dissection may occur,
although patients often report a history of antecedent trivial
trauma or strenuous effort such as during labor [7, 11, 12, 19,
20]. Patients with heritable connective tissue disorders and
underlying arteriopathy such as FMD and collagen vascular
disorders are in particular prone to arterial dissections [21—
27]. Other conditions associated with increased risk of
CCAD include migraine, preceding infections, arterial
hypertension, MTHFR mutation, and homocysteinuria
(Table 16.2) [28-32].

The clinical diagnosis of CCAD can be challenging.
CCAD is often an asymptomatic incidental finding on MRI
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Table 16.1 Traumatic causes of extracranial arterial dissection

Direct blow to the head and neck
Chiropractic neck manipulation
Strangulation

Atlanto-axial sublaxation
Elongated styloid process
Cervical spine fracture

Basal skull fracture

Excessive head banging

Beauty parlor syndrome

Labor and delivery

Prolonged cell phone use
Excessive coughing or retching

Table 16.2 Conditions associated with cervicocephalic arterial dissections

Fibromuscular dysplasia

Marfan syndrome
Ehlers—Danlos syndrome type IV
Alpha-1 antitrypsin deficiency
Alport syndrome

Extreme vessel tortuosity

Type 1 collagen point mutation
Osteogenesis imperfecta
Pseudoxanthoma elasticum
Adult polycystic kidney disease
Fibrocystic dysplasia

Other connective tissue disorders
Takayasu’s disease

Moyamoya disease

Coarctation of the aorta
Reticular fiber deficiency
Menkes disease

Accumulation of mucopolysaccharides
Elevated arterial elastase content
Atherosclerosis

MTHFR 677TT mutation
Pharyngeal infections
Homocystinuria

Migraine

Oral contraceptives

Tobacco use

Hypertension

Meningovascular syphilis

and CTA. Ipsilateral headache is the most common clinical
presentation, with retro-orbital and retro-auricular pain often
described in patients with carotid and vertebral artery dissec-
tions respectively [3, 5, 7, 33]. Other neurological symptoms
resulting from direct compression by the dissecting aneurysm
or vessel occlusion include partial Horner’s syndrome, cranial
nerve palsies, pulsatile tinnitus, dysgeusia, and ocular
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symptoms. Focal neurologic deficits due to retinal and
hemispheric ischemia may occur (Table 16.3) [5, 7, 33, 34]. In
the Cervical Artery Dissection and Ischemic Stroke Patients
(CADISP) Study Group, the presence of occlusive cervical
artery dissection, multiple cervical artery dissections, and ver-
tebral artery dissection were associated with an increased risk
for delayed stroke [35]. Intracranial extension of arterial dis-
section may result in SAH. When CCAD is suspected, nonin-
vasive studies such as Doppler ultrasonography, MRA or
multisectional CTA head and neck are recommended. CTA
and MRA are minimally invasive techniques that can provide
high-resolution and high-contrast images of the arterial lumen
and wall, with good sensitivity and specificity [36]. MRA and
CTA have replaced conventional angiography, thereby facili-
tating early diagnosis and rapid treatment. Findings may
include pseudoaneurysmal formation, intimal flap with double
lumen (Fig. 16.1), vessel stenosis, or total arterial occlusion

Table 16.3 Clinical manifestations of CCADs

Headache
Orbital pain
Neck pain
Pulsatile tinnitus
Horner’s syndrome
Visual symptoms
Visual scintillations
Amaurosis fugax
Central retinal artery occlusion
Anterior ischemic optic neuropathy
Posterior ischemic optic neuropathy
Cranial neuropathies
Dysgeusia
Transient ischemic attack
Focal neurological deficits

X

(Figs. 16.2 and 16.3). Fat suppression MRI techniques may
reveal the presence of the intramural hematomas within the
vessel wall [36] (Fig. 16.4). Conventional angiography has
historically been the gold standard for the diagnosis of arte-
rial dissection; its use however should be limited to selective
cases where MRA or CTA is inconclusive. In patients with
recurrent dissection, family history of dissection, or associ-
ated intracranial aneurysms, further workup to exclude FMD
and collagen vascular disorders may be indicated [26].

In the absence of randomized clinical trials to compare
various treatment options, the choice of stroke preven-
tion therapy remains controversial. Treatment is usually
aimed at preventing intramural extension, thrombus forma-
tion, and artery-to-artery embolization. Treatment options
include intravenous or intra-arterial thrombolysis in patients
eligible for alteplase. Optimal secondary prevention strate-
gies in CCADS remain controversial. Options include
antithrombotic therapies with either antiplatelet agents or
anticoagulants; endovascular and surgical interventions are
considered in selected patients with recurrent symptoms
despite antithrombolytic therapies [37-43].

Intravenous thrombolysis with tissue plasminogen activa-
tor should be considered within the 4.5 h of the onset of
symptoms when acute ischemic stroke is suspected [44, 45].
In the Cervical Artery Dissection and Ischemic Stroke
(CADISP) registry, 68 of 616 patients received thromboly-
sis, majority of which in the intravenous route (55 patients)
[46]. The use of thrombolysis was not associated with
increased risk of bleeding [46]. Similar results were reported
by Georgiadis et al. in 33 patients with acute ischemic stroke
treated with intravenous thrombolysis without clinical dete-
rioration, increased risk of SAH, pseudo-aneurysm forma-
tion, or arterial rupture [47].

Early preventive strategies should be initiated as the risk of
recurrent ischemic events is highest within the first few weeks
of the dissection. Anticoagulation with heparin followed by

Fig.16.1 Cerebral angiogram showing cervical ICA dissection with (a) double lumen with intimal flap, and (b) pseudoaneurysmal formation
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single volumg

Fig.16.3 (a) CTA neck showing a long segment of beaded focal ste-
nosis in the left ICA suggestive of dissection extending into the
petrous segment in a young woman with severe migraine following

warfarin for 3—6 months has been empirically recommended
except when intracranial extension is suspected [37, 47].
However, the value of anticoagulation in extracranial CCAD
has not been established [43]. Data from a Cochrane review
comparing antiplatelets with anticoagulants across 36 obser-
vational studies with 1,285 patients showed no differences in
the odds of death or the occurrence of ischemic stroke between
the two treatment modalities [38]. The results of the non-ran-
domized arm of the Cervical Artery Dissection in Stroke
Study (CADISS) which compared anticoagulation and anti-
platelets for the prevention of recurrent stroke in carotid and
vertebral dissection showed no difference between the two
treatment arms [39]. The prospective multicenter randomized
open label-controlled part of CADISS is ongoing [40].
Treatment should be customized based on acuteness of symp-
toms, clinical characteristics, symptom-recurrence, and imag-
ing findings. Anticoagulation should be avoided when
intracranial dissection is suspected due to increased risk of
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the use of triptans; (b) healing of the previously noted ICA dissection
at 2 month follow-up

SAH [41]. Antiplatelets are often prescribed in patients with
asymptomatic stenosis with subacute or late presentation. In
contrast, the presence of thrombus in the dissected artery
favors the use of anticoagulation [7, 37]. Surgical and endo-
vascular interventions with angioplasty and stenting should
be reserved to patients with recurrent symptoms who fail
medical therapy [48—51]. The majority of CCADs heal spon-
taneously and outcome is usually favorable. Recurrence dis-
section in the involved vessel is very rare, often occurring
within the first 2 months after the initial event [52, 53].

Fibromuscular Dysplasia

FMD is a non-atherosclerotic non-inflammatory segmental
non-inflammatory vascular disease of unknown etiology
affecting the medium and small sized arteries of virtually
every arterial bed, predominantly the renal and extracranial
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Fig. 16.4 MRI brain with fat suppression shows right cervical ICA
dissection with narrow eccentric flow-void surrounded by hyperintense
crescent shaped intramural hematoma

segment of the ICA [54]. FMD may result in arterial stenosis,
occlusion, aneurismal formation, or vessel dissection. While
the prevalence of the disease is unknown, FMD is increas-
ingly being diagnosed due to advances in neuroimaging.
FMD is more common in young women between the ages of
30 and 50 years, especially in individuals with a history of
migraines, thus hormonal factors have been postulated [54].
The disease is uncommon in children. Genetic susceptibility
has been suggested in subsets of patients with autosomal
mode of inheritance [55-57]. Histologically, medial fibropla-
sia accounts for 95-99 % of cases. Involvement of the intima
and the adventitia is rare (<1 %) [58]. Angiographic charac-
teristics observed in 80-90 % of cases of FMD include mul-
tifocal short segment of arterial stenoses with alternating
mural dilatations and constriction giving the classic appear-
ance of “string of beads”, predominantly in the mid- and
distal portion of the internal carotid and vertebral arteries
(medial fibroplasia or type 1) [54, 58] (Fig. 16.5). Less com-
monly, a unifocal concentric or band-like tubular stenosis
may occur due to intimal fibroplasia (type 2). Rarely, adven-
titial involvement or medial hyperplasia may exit (type 3)
[54, 58]. Clinical symptomatology is variable and nonspe-
cific. Majority of cases are asymptomatic incidental findings
on neuroangiographic studies. Symptoms may include head-
aches, pulsatile tinnitus, and blood pressure changes. Arterial
dissections and cerebral aneurysms occur in 7-20 % of cases.
Although often asymptomatic, these may be responsible for
cerebral ischemia or subarachnoid hemorrhage [59, 60].
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Fig. 16.5 String of beads in the left vertebral artery and left ICA in a
patient with fibromuscular dysplasia

When arterial dissection occurs, around 20 % of patients
may develop transient ischemic symptoms or cerebral infarc-
tion [35]. FMD should be suspected in patients with bilateral
CCAD:s, especially when intracranial aneurysms are present.
Patients with hypertension, migraine, and history of cigarette
smoking are more predisposed to FMD. The condition may
coexist with other collagen vascular disorders such as cystic
medial necrosis, Ehlers—Danlos syndrome (type IV),
Marfan’s syndrome, Alport syndrome, and vasculitic condi-
tions such as Takayasu’s disease [21, 60, 61]. Management
of FMD is similar to that of CCAD. There are no randomized
controlled trials of revascularization versus medical therapy
in patients FMD. Medical management should always be the
first choice of therapy, with percutaneous or surgical inter-
vention reverted to patients with recurrent symptoms and
cerebral aneurysms [62].

Moyamoya Disease

Moyamoya disease is an idiopathic progressive non-
inflammatory intracranial occlusive arteriopathy of unknown
etiology. It is characterized by vaso-occlusive changes involv-
ing the circle of Willis, typically the ICA terminus or proxi-
mal anterior cerebral arteries (ACA) and middle cerebral
arteries (MCA), resulting in a complex network of collateral
net-like tuft of vessels corresponding to the lenticulostriate
and thalamoperforate arteries [63, 64]. Moyamoya disease
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predominantly affects children and young adults in the first or
third decades of life with female preponderance. Moyamoya
disease was first described by Suzuki and Takaku in 1969 in
Japanese patients with abnormal net-like vessels in the base
of brain appearing as “something hazy just like a puff of ciga-
rette smoke drifting in the air” (moyamoya in Japanese) [63].
It has since been reported in every ethnic group. Histologically,
there is excentric intimal hyperplasia with fibrosis of the cere-
bral arterial trunks, thinning of the media, and endothelial
thickening leading to stenosis or occlusion of the lumen in the
internal carotid terminus, ACAs and MCAs, without an obvi-
ous underlying inflammatory response [64—66]. The internal
elastic lamina of the affected arteries is often tortuous; the
adventitia is usually spared. Cerebral aneurysms are common
[64]. Immuno-histochemical studies showed aberrant expres-
sion of IgG and S100A4 protein in vascular smooth muscle
cells of the intracranial vascular wall, suggesting an underly-
ing immune reaction [67, 68].

The pathogenesis of primary moyamoya disease is
unclear, with genetic predisposition suggested. Genetic link
to telomeric region of 17q25.3 was reported in Japanese
family with autosomal dominant pattern [69]. Familial
occurrence has also been reported in various ethnic groups in
particular among identical twins [68, 70-77].

Clinical manifestations include headaches, cognitive
impairment, mental retardation, encephalopathy, seizures,
involuntary movements, transient neurological deficits,
SAH, and focal neurological impairment secondary to isch-
emic or hemorrhagic strokes [64, 66, 78-81]. Moyamoya
disease should be differentiated from secondary conditions
associated with similar intracranial vascular stenotic pattern
known as moyamoya syndrome (Table 16.4) [82].

In the absence of hematological, biochemical, and sero-
logic findings, diagnosis is usually based on clinical presen-
tation and neuroradiological and angiographic findings.
Cerebral CT and MRI scans may reveal multiple infarctions
or hemorrhages, often bilateral, in the distribution of the
ACAs, MCAs, and watershed zones. Microbleeds are com-
mon. Cerebral atrophy is present in patients with recurrent
symptoms due to progressive disease [83-87].

Angiographic findings include multiple mid-sized arterial
irregularities and focal arterial stenoses or occlusion
(Fig. 16.6) at the terminal portion of the ICAs bilaterally
with distinct collateral channels formation at the base of the
brain (Fig. 16.7). Except for the occlusion of the posterior
cerebral arteries, the vertebrobasilar system is rarely
involved. Six angiographic stages have been described: (1)
bilateral suprasellar ICA narrowing, (2) collateral channels
or moyamoya vessels at the base of the brain, (3) progressive
ICA fork stenosis and prominent moyamoya vessels, (4)
occlusion of the main arteries of the circle of Willis and
extracranial collaterals, (5) further progression of stage 4
with prominent extracranial collaterals and disappearance of
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Table 16.4 Moyamoya mimics

Cranial radiotherapy

Intracranial arteritides

Sickle cell disease

Arteriosclerosis

Neuro-oculo-cutaneous syndromes
Neurofibromatosis type 1
Tuberous sclerosis
Sturge—Weber syndrome
Hypomelanosis of Ito
Phakomatosis pigmentovascularis type I1Ib

Connective tissue disorders
Systemic lupus erythematosus
Polyarteritis nodosa

Infections
Tuberculous meningitis
Bacterial meningitis
Post-varicella vasculitis
Leptospirosis

Collagen vascular disorders
Pseudoxanthoma elasticum
Fibromuscular dysplasia
Marfan syndrome
Alport syndrome

Miscellaneous
Oral contraceptive use
Brain tumor
Turner’s syndrome
William’s syndrome
Sneddon’s syndrome
Homocystinuruia
Type I glycogenosis
Sarcoidosis
Hirschsprung’s disease
Down syndrome
Ulcerative colitis

moyamoya vessels, and (6) complete absence of moyamoya
vessels and major cerebral arteries with predominantly extra-
cranial collaterals [63]. Intracranial aneurysms are common
[80, 86]. The optimal treatment of moyamoya disease and
timing of neurovascular intervention in symptomatic patients
remain unclear. Medical therapy includes antiplatelet agents,
vasodilators, and when seizures occur, antiepileptic agents.
Patients with symptomatic progressive moyamoya disease
are usually referred for neurovascular surgical intervention,
with the goal to improve cerebral perfusion thereby halting
disease progression, and thus reducing risk of stroke and
clinical deterioration [87]. Surgical approaches include
direct bypass with extracranial-intracranial anastomosis
such as superficial temporal artery to middle cerebral artery
(STA-MCA) bypass, indirect bypass such as encephalomyo-
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synangiosis, encephaloduroarteriosynangiosis, encephalo-
myoarteriosynangiosis, omental pedicle transposition,

durapexy, multiple cranial burr holes, multiple cranial burr
holes with vessel synangiosis, or combined revascularization
approaches [78, 82, 87-94]. Given the rarity of the disorder
and of lack evidence-based guidelines, best surgical treat-

Fig.16.6 MRA showing high-grade stenosis or occlusion of the supra-
clinoid ICA with subtle increased vascularity noted at the base of the skull
adjacent to the cavernous sinus due to moyamoya collateral vessels

ment options remain unknown. Intraoperative video angiog-
raphy using indocyanine green is a promising technique to
assess bypass graft patency in patients undergoing direct
bypass with STA-MCA anastomosis [95].

Radiation Induced Vasculopathy

Radiation-induced vasculopathy is a common late complica-
tion of cranial radiation therapy. The condition is of particu-
lar importance in children treated with intracranial radiation
for parasellar brain tumors and craniopharyngiomas [96-99].
Radiation-induced vasculopathy may develop months to
years after radiotherapy, a risk persisting until adulthood
(Fig. 16.8). The mechanism by which vasculopathy occurs
after cranial irradiation remains unclear. Small and medium
arteries are primarily affected, with progressive luminal nar-
rowing due to endothelial thickening and medial fibrosis.
Radiation injury to the large vessels is rare, usually occurring
following radiation therapy for vascular malformations and
pituitary tumors (Fig. 16.9). Head and neck radiation for the
treatment of epithelial cancers or lymphomas is associated
with delayed carotid atherosclerosis. Higher brain radiation
with doses exceeding 50 Gy confers increased risk of
radiation-induced vasculopathy leading to progressive cere-
bral arterial occlusive disease mimicking moyamoya syn-
drome [98, 100].

Clinical manifestations include encephalopathy, seizures,
and focal neurological deficits secondary to cerebral
ischemia. Hemorrhages from radiation-induced vascular

Fig. 16.7 Bilateral supraclinoid ICA stenosis/MCA occlusion (arrow) on cerebral angiogram with extensive collaterals through lenticulostriates
and thalamoperforates collaterals (arrowhead) consistent with moyamoya disease



176 R.M. Dafer

Fig.16.8 (a) Radiation induced basilar artery stenosis and PCA steno- ~ with hypodensity in the basis pontis due to ischemic changes (arrow-
sis on MRA head in a patient with cranial radiation for pituitary mac-  head) on sagittal gadolinium enhanced MRI brain
roadenoma. (b) Post-surgical changes in the pituitary fossa (arrow),

a

Fig. 16.9 (a) Radiation-induced vasculopathy changes on MRA head resected 25 years ago followed by cranial radiation therapy. (b) DWI
with irregular stenosis of the PCAs bilaterally in a 49-year-old woman  shows area of restricted diffusion in the right occipital lobe. (c) Post-
with visual field defects and focal seizures. She had a medulloblastoma  surgical changes are noted in left cerebellum on FLAIR sequence
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abnormalities are rare, often instead resulting from a chemo-
therapy effect on hemostatic system [98, 101, 102].

There is no effective treatment for radiation-induced vas-
culopathy. Physicians should focus on reducing radiation
doses. The benefit of antiplatelet agents has not been
established. Revascularization surgery may be considered in
patients’ progressive arteriopathy (moyamoya syndrome)
and recurrent neurological symptoms. In radiation-induced
symptomatic carotid artery stenosis, surgical treatment with
carotid endarterectomy may be equally effective as in non-
irradiated carotid atherosclerosis [101, 102].

Reversible Cerebral Vasoconstriction
Syndrome

Reversible cerebral vasoconstriction syndrome (RCVS) is
characterized by thunderclap headaches, usually severe, with
or without seizures or other neurologic symptoms, and seg-
mental constriction of cerebral arteries, which resolves sponta-
neously within 3 months (Table 16.5) [103—105]. RCVS is
also known as Call-Fleming syndrome, CNS pseudo-vasculitis,
postpartum angiopathy, idiopathic thunderclap headache with
reversible vasospasm, isolated benign cerebral vasculitis, and
migraine angiitis. RCVS may occur in susceptible patients
such as postpartum women, even without preeclampsia or
eclampsia, due to transient failure of regulation of cerebral
arterial tone with sympathetic overactivity [103, 106, 107].
Migraineurs with aura are more susceptible to the disease,
especially when using vasoactive drug such as triptans or
ergot-alkaloids. Other precipitants include nasal decongestants
containing pseudoephedrine and ephedrine, illicit drugs
including cannabis, cocaine, lysergic acid diethylamide, meth-
amphetamine, selective serotonin reuptake inhibitors and
selective noradrenaline reuptake inhibitors, catecholamine-
secreting tumors, and intravenous immunoglobulin therapy
(Table 16.6) [103, 107, 108]. RCVS is more common in
women in the mid-40s, although it has been reported in chil-
dren and in adults in every age group [104]. RCVS is often
underdiagnosed with an unknown incidence. While relatively
benign, serious ischemic and hemorrhagic events may occur in
5-10 % of patients, thus resulting in permanent neurological
deficit [105, 108, 109]. Posterior reversible ischemic encepha-
lopathy syndrome (PRES) may occur [103, 105-107].

The most common presentation includes recurrent severe
rapidly escalating thunderclap headache (Table 16.7). Unlike
in SAH, the headaches in RCVS are short-lived, lasting min-
utes to days, often recurrent, and gradually dissipating within
3 weeks of symptom-onset [103, 108, 110]. Patients typically
endorse some form of exertional activity as a trigger prior to
the onset of headaches. Seizures may occur especially when
PRES develops. Transient neurological symptoms in particu-
lar visual disturbances mimicking migraine aura are com-

Table 16.5 International Headache Society Diagnostic Criteria for
Reversible Cerebral Vasoconstriction Syndrome

Headache, with or without focal deficits and/or seizures with
‘strings and beads’ appearance

Headache on angiographic studies’ with either or both of the
following characteristics

Recurrent during <1 month, and with thunderclap onset

Triggered by sexual activity, exertion, Valsalva maneuvers,
emotion, bathing and/or showering

No new significant headache occurs >1 month after onset

Adapted from The International Classification of Headache Disorders,
3rd edition (beta version)

Table 16.6 Conditions associated with increased risk of reversible
cerebral vasoconstriction syndrome
Postpartum period
Migraine with aura
Vasoactive drugs
Migraine specific medications (e.g., triptans and ergot-alkaloids)

Nasal decongestants (e.g., phenylpropanolamine,
pseudoephedrine, ephedrine)

Recreational drugs (e.g., cannabis, cocaine, LSD,
methamphetamine)

Other drugs
SSRIs and SNRIs
Intravenous immunoglobulin therapy
Immunosuppressants
Others
Pheochromocytoma
Sexual activity
Porphyria
CSF hypotension

LSD lysergic acid diethylamide, SSRIs selective serotonin reuptake
inhibitors, SNRIs serotonin—norepinephrine reuptake inhibitors, CSF

cerebrospinal fluid

Table 16.7 Causes of thunderclap headache

Subarachnoid hemorrhage
Intraparenchymal hemorrhage

RCVS

CCAD

Cerebral dural venous sinus thrombosis
Aseptic or infective meningitis
Colloid cyst

Pituitary apoplexy

Spontaneous intracranial hypotension
Primary thunderclap headache

Coital headache

mon. When persistent focal deficit lasts beyond 1 h, stroke is
suspected. In the absence of cerebral ischemia or ICH, neu-
rological examination is usually normal [103, 108]. A surge
in blood pressure may often occur due to the pain intensity.
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Blood workup including ancillary laboratory tests with
complete blood count (CBC), metabolic panel, and vasculitis
panel is noncontributory. Cerebrospinal fluid (CSF) analysis
is typically normal, sometimes with slightly elevated lym-
phocytic white blood cell (WBC) count.

MRI brain is usually normal. SAH, ICH, and cerebral
infarction may occur. PRES-like findings are encountered in
10 % of patients (Fig. 16.10) [103, 104, 109]. Neuro-

Fig.16.10 MRI FLAIR sequence demonstrates moderate signal inten-
sity changes in the occipital lobes bilaterally typical of PRES

Fig. 16.11 (a) MRA brain shows areas of severe vascular narrowing
in the mid and distal basal artery (arrow) and the posterior cerebral
arteries (arrowheads) in a 42-year-old woman with intractable
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angiographic studies with MRA or CTA usually show diffuse
vasoconstriction in the various arteries of the circle of Willis,
both in the anterior and in the posterior circulation distribu-
tion (Fig. 16.11). Resolution of vasoconstrictive changes of
the affected vessels and new constriction in previously nor-
mal vessels is not uncommon, with maximum changes seen
within 2 weeks of initial onset of symptoms. Complete or
substantial normalization of arteries is observed on follow-
up angiographic studies within 12 weeks of clinical onset.
Differential diagnosis includes aneurismal SAH, ICH,
CCAD, meningitis, cerebral dural venous sinus thrombosis
(CDVST), pituitary apoplexy, colloid cyst of the third ven-
tricle, primary angiitis of the central nervous system
(PACNS), and idiopathic primary thunderclap headache. The
diagnosis of RCVS is made by exclusion when all other con-
ditions are ruled out. RCVS is usually a uniphasic and self-
limiting condition.

In the absence of randomized clinical trials, treatment for
RCVS remains conservative, aiming at alleviating symp-
toms and preventing complications. Analgesics and antiepi-
leptic agents are often administered to alleviate headaches
and to prevent seizure recurrence. Prophylactic use of anti-
epileptic drugs is not advocated [103, 108]. Early adminis-
tration of calcium channel blockers such as nimodipine or
verapamil, and magnesium sulfate is often recommended.
While short courses of glucocorticosteroids may help allevi-
ating the cephalgic pain, they do not seem to prevent clinical
deterioration in RCVS and thus should be avoided, in par-
ticular in patients with ischemic and hemorrhagic strokes
[103, 107]. In refractory cases with rapidly deteriorating
symptoms, intra-arterial administration of milrinone,

migraine with aura and hyperemesis gravidarum. (b) Follow-up study
at 3 months interval demonstrates near normalization of vessel caliber
and contour
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verapamil or nimodipine may be considered [111, 112].
Intra-arterial balloon angioplasty should be restricted to
patients with rapid clinical progression when all other treat-
ment measures have failed [113, 114].

Unilateral Arteriopathy of Childhood

A vasculopathy unique to children is unilateral arteriopathy
of childhood. Also known as transient cerebral arteriopathy
(TCA), this condition is a non-progressive, often reversible,
unilateral vasculopathy characterized by infarction in the lat-
eral lenticulostriate artery territory due to non-progressive
unilateral arterial disease affecting the supraclinoid ICA and
its proximal branches. The hallmark of TCA is normalization
or significant improvement of initial arterial stenotic changes
on follow studies at 3—6 months interval. The pathophysiol-
ogy of TCA is not well understood. A transient inflammatory
process has been implicated, and a history of chickenpox
preceding the ischemic event has been reported in 44 % of
patients [115, 116]. The condition should be suspected in
children with acute ischemic stroke especially with recurrent
symptoms when other etiologies of cerebral infarctions are
excluded [117, 118]. Vascular imaging reveals unilateral
subcortical infarctions affecting the basal ganglia and inter-
nal capsule, with unilateral multifocal or segmental narrow-
ing in the arterial wall of the distal ICA, proximal ACA or
MCA [117, 118]. Transient worsening of the arterial lesions
may occur up to 6 months from the initial symptom-onset in
20 % of patients, making differentiation from other intracra-
nial causes of vasculopathies such as moyamoya disease and
cerebral vasculitis a challenging process to the treating phy-
sician [119].

Despite its reversible course, children with TCA are left
with focal neurological deficits due to the cerebral infarc-
tions. Poor functional outcome tends to be more frequent in
patients with initially progressive arteriopathy. Treatment
includes antithrombotic agents, sometimes in combination
with antiviral drugs [120].

Central Nervous System (CNS) Vasculitides

CNS vasculitides are uncommon cause of strokes in
children and young adults leading to neuropsychiatric man-
ifestations and devastating neurological deficits. They con-
sist of a heterogenous group of systemic disorders, which
include infection-related vasculitides, non-infectious
inflammatory systemic vasculitides, autoimmune vasculiti-
des, drug induced vasculitis, and the rare PACNS
(Table 16.8).
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Table 16.8 Classification of cerebral vasculitides
Primary angiitis of the CNS
Amyloid p-related angiitis
Systemic vasculitides
Large vessel (e.g., GCA, Takayasu’s)
Medium vessel (e.g., Kawasaki, polyarteritis nodosa)
Small vessel (e.g., ANCA-associated vasculitis, Churg—Strauss)

Hypersensitivity vasculitis (e.g., Henoch—Schonlein purpura,
drug-induced)
Vasculitis associated with connective tissue disorders (e.g., SLE,
Sjogren’s)
Others (e.g., Behget’s disease, neurosarcoidosis, Kohlmeier—
Degos syndrome)

Infectious vasculitides
Fungal (e.g., aspergillosis, mucormycosis, candidiasis,
coccidiomycosis)
Bacterial (e.g., meningitis)
Viral (e.g., HIV, varicella zoster)
Spirochetal (e.g., syphilis)
Rickettsial (e.g., cat scratch disease, Rocky Mountain spotted
fever)

Mycobacerial (e.g., tuberculosis)
Parasitic (e.g., amebiasis)

Primary Angiitis of the Central Nervous System

PACNS is a rare vasculitic disorder involving the small and
medium leptomeningeal arteries, with an annual incidence of
2.4 per one million persons per year. Since first described by
Cravioto in 1959, the condition has been increasingly recog-
nized as a devastating cause of recurrent stroke in young
adults [121-123]. The disease is more common in men in the
fourth decade of age, and solely affects the brain and spinal
cord. Neurological manifestations include chronic nonspe-
cific headaches, behavioral abnormalities, cognitive dys-
function, seizures, meningeal inflammation, multifocal
neurological deficits, and recurrent strokes [121, 123-125].

Serological workup and lumbar puncture analysis are
usually non-diagnostic. CSF analysis is necessary to exclude
infective etiologies and other systemic conditions that may
mimic PACNS. Findings are nonspecific, with mild
pleocytosis in 80-90 % of patients, normal glucose and CSF
protein. Diagnostic criteria include the presence of an unex-
plained neurologic deficit, in the absence of systemic vascu-
litides, and angiographic or histopathologic CNS arteritic
process [121, 124].

Findings on MRI of brain are nonspecific with multiple
infarctions of various ages in both cortical and subcortical
distributions. Angiographic findings are also nonspecific,
with a low sensitivity and specificity of less than 25 %. In the
appropriate clinical scenario, the findings of multiple
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Fig.16.12 Cerebral angiogram showing multiple irregularities in the
MCA and ACA branches in PACNS

subcortical and cortical infarcts on CT or MRI brain, together
with the presence of arterial beading, is suggestive of the
condition (Fig. 16.12). Brain biopsy with sampling of the
leptomeninges is the gold standard, but also carries a low
yield. A negative brain biopsy does not preclude the diagno-
sis [125, 126].

Differential diagnosis includes RCVS and secondary
causes of cerebral vasculitis. Early recognition is crucial as
treatment with corticosteroids with or without cytotoxic
drugs can often prevent serious outcomes [126]. The disease
if often progressive; if untreated, prognosis is poor.

Cerebral Amyloid Angiopathy

Cerebral amyloid angiopathy (CAA) is characterized by amy-
loid B deposition in the media and adventitia of leptomenin-
geal and cortical vessels [127, 128]. Amyloid p-related
angiitis (ABRA) is a rare complication of CAA resulting from
a granulomatous inflammatory response to beta amyloid (Af)
deposition in the vessel walls [129-131]. The condition
should be differentiated from PACNS, and from the perivas-
cular non-destructive inflammatory infiltration or CAA-
related inflammation (CAA-RI). Clinical symptomatology
includes acute or subacute cognitive decline, headaches, sei-
zures, uveo-meningitis, and focal neurological deficits [127,
132]. Unlike PACNS, ABRA often affects people of older age
group usually in the seventh decade, without gender predilec-
tion [129]. Except for elevated erythrocyte sedimentation rate
(ESR), serological markers of inflammation are usually nor-
mal. CSF abnormalities are common but nonspecific, includ-
ing mild pleocytic lymphocytosis, elevated protein, and rarely

oligoclonal bands. CSF tau and AP 41 are usually normal.
APOE4 may be present in 70 % of patients [130, 131]. MRI
characteristics include hyperintensities on T2-weighted image
or fluid-attenuation inversion recovery (FLAIR) with mini-
mal gadolinium-enhanced leptomeninges. The presence of
microbleeds at the cortico-subcortical junction is often seen
on susceptibility-weighted images. Cerebral infarcts may
occur. Unlike non-inflammatory CAA, ICHs are uncommon
[129, 133]. Brain biopsy is the gold standard with findings of
transmural granulomatous vasculitis changes superimposed
on CAA histological characteristics. Majority of patients with
ABRA responds well to steroids and immunosuppressant
agents such as cyclophosphamide [128, 129, 131].

Systemic Vasculitides

CNS vasculitis may occur secondary to idiopathic systemic
and hypersensitivity vasculitis, autoimmune conditions, col-
lagen vascular disorders, and various CNS infections. Clinical
manifestations are diverse; fever, generalized malaise, weight
loss, and fatigue are common. There is usually multi-organ
involvement with renal, cardiac, arthropathic, dermatologi-
cal, ocular, and pulmonary manifestations. The spectrum of
neurological symptoms is broad and nonspecific. Headaches,
cognitive disturbances, psychiatric manifestations, meningo-
encephalitis, myelopathy, myopathy, peripheral neuropathy,
TIA-like symptoms, and recurrent ischemic or hemorrhagic
strokes may occur. Large vessel arteritides are more com-
monly associated with cerebrovascular events. These include
giant cell arteritis (GCA) and Takayasu’s disease.

GCA is a chronic granulomatous vasculitis mainly affect-
ing the aorta and its branches, in particular the cranial arter-
ies derived from the extracranial carotid arteries. It is the
most common systemic vasculitis among women in the fifth
decade of age, with an incidence of 3.5 per 100,000 per year
[134, 135]. A dull temporal headache is reported in 90 % of
patients, followed by visual symptoms, jaw claudication,
weight loss, and fatigue. Other systemic manifestations may
include fever, anorexia, night sweats, and muscle aches and
stiffness due to polymyalgia rheumatica. Scalp tenderness
and temporal artery swelling may occur. Visual loss, cerebral
ischemia, and tongue infarction are the most feared compli-
cations. Cerebral infarctions occur in 3—4 % of patients with
GCA. They are often due to occlusion of an extracranial seg-
ment of the vertebral or carotid arteries or their branches.
Occlusion of the short posterior ciliary artery leading to cho-
roidal ischemia results in anterior ischemic optic neuropathy
(AION), the most common cause of GCA-related permanent
visual loss [135, 136]. The diagnosis is straightforward in
the presence of headache, visual loss, and elevated
ESR. Temporal artery biopsy remains the gold standard for
the diagnosis. Ultrasonography may play a role in selecting
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biopsy site [135, 137]. MRI and positron emission tomogra-
phy may help detect any ischemic and active inflammatory
changes. Despite the absence of good evidence from clinical
trials, high doses corticosteroids therapy (40-60 mg of pred-
nisone) is the treatment of choice and should be initiated
even when ESR is normal or when biopsy results are incon-
clusive. Alternatively, steroids-sparing drugs such as metho-
trexate should be considered in patients intolerant to steroids
or who require prolonged steroids therapy [134, 136].
Combination therapy with methotrexate and steroids is a
safe alternative to steroids-only treatment [138].

Takayasu’s arteritis or pulseless disease is a chronic gran-
ulomatous large vessel panarteritis predominantly affecting
the aortic arch or its branches [139]. Unlike GCA, the condi-
tion usually affects young women under the age of 40.
Clinical symptoms include renovascular hypertension due to
renal artery stenosis, intermittent claudication, decreased
peripheral pulses, headaches, visual disturbances, focal neu-
rologic deficits, cerebral ischemia, and rarely PRES-like
clinical manifestations and imaging findings [139-141].
Laboratory workup is nonspecific, often revealing a normo-
chromic or hypochromic anemia, leukocytosis, elevated
ESR, and impaired renal function. Angiographic findings
may include renal artery stenosis, as well as narrowing of and
wall thickening within the aortic arch and its major branches.
Medical treatment includes steroids and immunosuppressant
therapies with methotrexate, mycophenolate mofetil, or aza-
thioprine. Endovascular intervention should only be consid-
ered in patients with progressive symptoms refractory to
conventional treatment. As a general rule, endovascular
intervention should be avoided during the active phase of the
disease due to a very high rate of arterial restenosis [142].

Kawasaki disease is a multisystemic vasculitis affecting
the medium and small vessels, more commonly in infants
and young children [143-148]. The disease manifests as an
acute febrile mucocutaneous inflammation, with lymphade-
nitis, coronary artery inflammation, and widespread aneuris-
mal formation. Cerebral infarctions are uncommon [149].

Polyarteritis nodosa is an uncommon systemic necrotiz-
ing pan-arteritis of small and medium-sized arteries, which
may be associated with pseudo-aneurysmal formation. It
affects the heart, kidneys, skin, and gastrointestinal tract.
The cerebral vessels are rarely involved. Intraparenchymal
and SAH may occur [143].

While neuropsychiatric symptoms and peripheral nervous
system involvement are common in systemic lupus erythe-
matosus (SLE), true immune complex-mediated CNS vascu-
litis and lupus cerebritis are uncommon. When cerebral
ischemia occurs, it often results from cardiac embolism asso-
ciated with Libman—Sacks endocarditis, or due to the pres-
ence of circulating antiphospholipid antibodies leading to
thrombotic arterial occlusion [150-152]. Cerebral venous
and dural sinus thrombosis may occur [149].

Small vessel vasculitides such as ANCA-associated small
vessel vasculitis, microscopic polyangiitis, granulomatous
polyangiitis, and Cogan’s syndrome rarely affect the CNS.

Sjogren syndrome is a chronic inflammatory autoimmune
condition with multiorgan involvement including sicca
symptoms, peripheral and cranial neuropathy, and myelopa-
thy. CNS is rarely involved when cerebral dural venous sinus
thrombosis occurs. Cerebral ischemia is rare [144].

Behget’s disease is a multisystem inflammatory disease
affecting the arteries and veins, characterized by relapsing
oral and genital ulcerations, recurrent uveitis, iritis, and syno-
vitis [153, 154]. Small vessel arteritis, thromboangiitis, cuta-
neous vasculitis, and cerebral aneurysms may occur [155,
156]. Clinical manifestations include headaches, cranial neu-
ropathies, vestibulopathy aseptic meningitis, seizures, and
cerebral venous thrombosis. Cerebral arterial vasculitic
involvement and ischemic strokes are rare [153, 154, 157].

Sarcoidosis is a rare granulomatous disease of unknown
etiology with multi-organs involvement. It primarily affects
the eyes, skin, and lungs. Neurosarcoidosis with involvement
of the brain parenchyma, hypothalamic—pituitary pathway,
meninges, cranial nerves, and cerebral vasculature is not
uncommon. Cerebral infarctions and transient ischemic
attacks (TIAs) may rarely be the initial presenting manifesta-
tions of the disease [156]. ICH has been reported in <0.6 %
of cases of neurosarcoidosis [158].

Kohlmeier—-Degos, or malignant atrophic papulosis, is a
rare systemic thrombo-obliterative vasculopathy of the
medium and small size vessels, characterized by cutaneous,
gastrointestinal, and neurological involvement [159].
Thrombosis of the cerebral arteries and intracerebral hemor-
rhage may occur due to coagulopathy or primary endothelial
dysfunction [160]. Death usually occurs within 2-3 years
from the onset of systemic involvement.

Other rare causes of CNS vasculitis include Henoch—
Schonlein purpura, infectious etiologies and toxicity related
to cancer treatment [161-163]. Chemotherapy agents associ-
ated with CNS vasculopathies and dural sinus thrombosis
include, but are not limited, to L-aspariginase, methotrexate,
BCNU, cisplatin, cyclophosphamide, cyclosporine, and
tacrolimus [162, 164-166].

Various infectious etiologies may be associated with
increased risk of ischemic and hemorrhagic strokes through
various mechanisms including thrombophlebitis, vessel inva-
sion, and cardioembolism [163, 167-175]. Of particular
interest is syphilitic arteritis, an obliterative endarteritis
involving the large and medium-sized vessels (Heubner arte-
ritis), and less frequently the small cerebral arteries of the
brain, meninges, and spinal cord (Nissl arteritis).
Meningovascular syphilis occurs 5-10 years after the onset
of untreated syphilis. Early manifestations are not uncommon
in patients with human immunodeficiency virus (HIV) infec-
tions [35, 174]. Neurological symptoms include behavioral
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changes, seizures, and focal neurological deficits. When cere-
bral ischemia occurs, it most commonly affects the MCA and
its branches. CSF pleocytosis and elevated protein, together
with a reactive serology is suggestive. Cerebral angiography
often demonstrates a diffuse angiopathy with concentric nar-
rowing of the large vessels, and focal narrowing and dilata-
tion of the small vessels. Aortic dissection may occur
secondary to aortitis. Penicillin remains the drug of choice for
neurosyphilis.

In summary, the differential diagnosis of CNS vasculitis
is diverse. The diagnosis is based on clinical presentation
with progressive neurological deficit, presence or absence of
multisystem involvement, serological testing, neuroimaging
studies with CT scans and MRI brains, and cerebral angio-
graphic findings (Table 16.9). Neurological manifestations
are broad and nonspecific. Serological findings are often
nonspecific. CSF may be normal or may demonstrate non-
specific changes consistent with an inflammatory process,
including mild lymphocytic pleocytosis and increased pro-
tein. CSF analysis and detailed serological and hypercoagu-

Table 16.9 Suggested workup for suspected CNS vasculitis

Ancillary blood tests, including CBC, BMP, and LFT
ESR and hsCRP
Serum complements

Anticardiolipin antibodies, 3, glycoprotein-1 antibody, lupus
anticoagulant

Serum and urine electrophoresis
Hepatitis panel

Haptoglobulin

Thyroid function tests

Connective tissue workup (RF, ANA panel, c-and pANCA,
MPO-ANCA; anti-SSA and anti-SSB, anti-endothelial antibodies,
anti-glomerular basement membrane)

Urine drug screen

Infectious screening (blood cultures, HIV, mycoplasma PCR and
serology, syphilis serology, herpes simplex virus, varicella zoster,
Epstein-Barr virus cytomegalovirus)

CXR
CT chest and tissues

Lumbar puncture and CSF analysis (cell count, protein, sugar, gram
stain, cultures, ACE level, FTA)

MRI brain with gadolinium enhancement

MRA or CTA intracranial vasculature

Cerebral angiogram

Brain biopsy

Corresponding tissue biopsy (temporal artery, skin, bronchial, renal,
sural nerve)

CBC complete blood cell count, ESR erythrocyte sedimentation rate,
hsCRP high sensitivity C-reactive protein, BMP basic metabolic panel,
LFT liver function tests, LDH lactate dehydrogenase, RF rheumatoid
factor, ANA antinuclear antibody, ANCA antineutrophil cytoplasmic
antibodies, MPO myeloperoxidase, ACE angiotensin converting
enzyme, HIV human immunodeficiency virus, PCR polymerase chain

reaction, CSF cerebrospinal fluid, FTA fluorescent treponemal antibody

R.M. Dafer

lability testing are however necessary to exclude infective
etiologies and secondary causes of vasculitis including sys-
temic and connective tissue disorders. Accurate diagnosis is
essential to prevent disease progression and to initiate man-
agement strategies and to secure precise treatment decisions.
Advances in neuroimaging techniques have helped distin-
guish inflammatory from non-inflammatory vascular lesions.
Digital subtraction angiography often shows segmental nar-
rowing affecting multiple intracranial vessels. Tissue diag-
nosis with brain and leptomeningeal biopsy remains the gold
standard.

Management of patients PACNS or multisystem second-
ary vasculitis is aimed at halting the inflammatory process
and thus the disease progression. Combination of corticoste-
roids and immunosuppressant agents (mainly cyclophospha-
mide) has been shown to produce favorable clinical outcome.
Other agents such as methotrexate, azathioprine, and ritux-
imab have been used with variable results. While antiplatelet
agents may be considered in patients with ischemic strokes,
their use remains arbitrary in the absence of randomized
clinical trials.

Anatomical Vascular Anomalies

Common anatomic variations in the configuration of the cir-
cle of Willis and its branches have been linked to the increased
risk of ischemic or hemorrhagic strokes. These include but
are not limited to vessel fenestration and duplication, hypo-
plasia and agenesis, coiling, tortuosity, elongation, and kink-
ing. While asymptomatic in the majority, such anatomical
variations may increase the risk of stroke thought different
mechanisms including compression, dilatation of vascular
channel, and intracranial aneurismal formation [175, 176].

Agenesis and hypoplasia of one or both internal carotid
arteries is a rare, usually asymptomatic developmental
anomaly that occurs during the early phase of embryonic
development. Initially reported by Verbiest in 1954, ICA
hypoplasia is detected in less than 0.01 % of the population
[176, 177]. Flow to the anterior circulation is achieved
through collateral pathways of the circle of Willis via dilated
basilar artery and posterior communicating arteries, or
through transcranial anastomosis between the extracranial
and intracranial carotid systems, or through persistent
embryonic vessels. Failure of collaterals, arterial compres-
sion, or dilated vascular channels may lead to cerebral isch-
emia. Associated intracranial aneurysms occur in 25-35 %
of patients and are often responsible for intraparenchymal
and subarachnoid hemorrhages [178].

Duplicates or fenestrations of the intracranial arteries are
rare congenital anomalies. Unlike the anterior circulation
vessels, fenestration is more common in the vertebrobasilar
system, with basilar artery fenestration observed in around
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Fig.16.13 MRA head showing (a) fenestrated ACA, and (b) basilar artery

5 % of the general population [179] (Fig. 16.13). Arterial
fenestrations are usually asymptomatic. When saccular
aneurysms form at the site of the fenestration or duplication,
subarachnoid hemorrhage may occur [178].

Conclusion

Several non-atherosclerotic vasculopathies are responsible
for ischemic strokes in particular in children and young
adults. CCADs are among the most common non-
atherosclerotic vasculopathies. Other conditions such as
radiation-induced vasculopathy, moyamoya disease, and
cerebral vasculitis are rare but potentially treatable condi-
tions that should be considered in particular in young patients
with recurrent cerebral ischemic events. Accurate diagnosis
is necessary to initiate the appropriate treatment, to slow dis-
ease progression, and to improve outcome.
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