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Posterior circulation strokes represent approximately 20% of all ischemic strokes (1, 2).

In contrast to the anterior circulation, several differences in presenting symptoms, clini-

cal evaluation, diagnostic testing, and management strategy exist presenting a challenge

to the treating physician. This review will discuss the anatomical, etiological, and clinical

classification of PC strokes, identify diagnostic pitfalls, and overview current therapeutic

regimens.
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DEFINING THE POSTERIOR CIRCULATION

A posterior circulation (PC) stroke is classically defined by infarc-

tion occurring within the vascular territory supplied by the verte-

brobasilar (VB) arterial system. The vertebral arteries (VAs) arise

from the right and left subclavian arteries and travel cranially

through the transverse foramina of the cervical vertebrae. When

reaching the foramen magnum, they pierce the dura mater to start

their intracranial course. Both VAs join at the pontomedullary

junction forming the basilar artery (BA). The VAs are divided into

four segments.V1 is the most proximal segment from theVA origin

to point of entry into the initial foramen transversarium, usually at

the sixth or seventh cervical vertebral body. The segment occupy-

ing the course of the VA from the initial to last transverse foramen

is known as V2. The V3 segment begins after the artery exits the

foramen transversarium of the axis (C2) and arches behind the

atlas (C1) before entering the cranium. The most distal segment

representing the intracranial portion of the VA after entering the

dura mater is the V4 segment. The BA travels rostral along the ven-

tral medulla and basis pontis until it bifurcates into the right and

left posterior cerebral arteries (PCAs) at the pontomesencephalic

junction. Segments of the vertebral artery and branches of the

vertebrobasilar system are depicted in Figure 1. The topographic

classification described by Caplan in the New England Medical

Center-posterior circulation registry (NEMC-PCR) (3) divides

the intracranial vertebrobasilar system into proximal, middle, and

distal territories.

ANATOMICAL VARIANTS OF THE POSTERIOR CIRCULATION

AND CLINICAL SIGNIFICANCE

Anatomical variations of the PC are frequent but commonly

asymptomatic. Familiarity with these variants is important as

not to mistake them as pathological findings. Although typically

discovered incidentally, they are infrequently related to intracra-

nial vascular pathology.

Asymmetric VAs occur in over two-thirds of individuals (4, 5)

(Figure 2A) and an incomplete circle of Willis (COW) may be

seen in over half (6) (Figure 2B). A persistent trigeminal artery is

the most common carotid–vertebrobasilar anastomosis (7). Other

intracranial anomalies include fenestration of the vertebrobasilar

junction (0.3–0.6%) which may predispose to PC aneurysm for-

mation (8) (Figure 2C), persistent hypoglossal artery, the artery of

Percheron, fetal origin of one or both PCAs (fPCA) (Figure 2D),

and absence of one or both posterior communicating arteries

(PCOMs) (Figure 2B). The labyrinthine artery usually arises from

the anterior inferior cerebellar artery (AICA); however this vessel

may arise directly from the BA. Pertinent anatomical variants and

their clinical significance are highlighted.

ARTERY OF PERCHERON

The artery of Percheron is where a single thalamic perforating artery

arises from the proximal PCA (P1 segment) between the BA and

PCOM and supplies the rostral mesencephalon and both para-

median thalami (9, 10). Proximal embolism is thought to be the

most common etiology of stroke in this territory with this variant

(9–11).

Asymmetric thalamic involvement is seen in two-thirds of cases

and midbrain infarction is present in over half (9, 10). Patients with

bilateral paramedian thalamic lesions may develop altered senso-

rium, vertical gaze palsy, and memory impairment (10). Conven-

tional vascular imaging does not routinely demonstrate these tiny

perforating vessels. Hypoplastic or absent P1 segments are more

likely to be seen with this variant (11). Other vascular causes of

bilateral thalamic injury include venous thrombosis (12), top of

the basilar occlusion (13), and hypoxic–ischemic injury (14).
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FIGURE 1 | Vertebrobasilar system. PCA, posterior cerebral artery; SCA,

superior cerebral artery; BA, basilar artery; AICA, anterior inferior cerebellar

artery; PICA, posterior inferior cerebellar artery; V1–V4, segments of the

vertebral artery. Proximal territory, areas supplied by the intracranial VAs and

PICAs up to the VB junction; middle territory, BA and AICAs up to the SCAs;

distal territory, rostral BA, SCAs, and PCAs.

INCOMPLETE CIRCLE OF WILLIS AND THE FETAL PCA

An incomplete COW is present in 48–58% of the population (6)

(Figure 2B). A PCA arising directly from the intracranial internal

carotid artery (ICA) is defined as fPCA and most are unilateral

(Figure 2D). A fPCA is either partial or complete depending on

whether or not a hypoplastic P1 segment is present and occurs

in 10–29% of the population (6, 15) (Figure 2C). Bilateral fPCAs

are associated with a small caliber BA, as the BA does not con-

tribute to mesencephalic, temporal, or occipital lobe flow. There

is no established association between unilateral or bilateral fPCAs

and stroke risk (15, 16). On the other hand, the etiologic eval-

uation of occipital stroke in patients with an ipsilateral fPCA

should include an assessment for carotid artery disease. More-

over, patients with hemodynamically significant carotid occlusive

disease and ipsilateral fPCAs lack the capacity to develop lep-

tomeningeal anastomoses between the anterior cerebral artery

(ACA), middle cerebral artery (MCA), and PCA. Patients with ICA

occlusion, an ipsilateral fPCA, and a non-functioning ACOM may

be particularly vulnerable to ischemia and infarction due to hemo-

dynamic failure compared to those with adequate contralateral

flow through a functioning ACOM (17).

ANATOMICAL VARIATIONS OF THE VERTEBRAL ARTERIES

Approximately 70% of people have a left dominant VA (4, 5)

(Figure 2A). In some, the non-dominant hypoplastic VA con-

genitally ends in the posterior inferior cerebellar artery (PICA)

without joining the BA. VA hypoplasia (VAH) has been associated

with PC stroke (5, 18). In a study evaluating the correlation of VA

asymmetry and pontine infarctions, patients with VA asymmetry

(defined as internal vessel diameter ratio of 1:2 or more) had twice

as many pontine infarctions than those with symmetric VAs. The

infarcts more commonly occurred ipsilateral to the smaller ves-

sel (18). Another study reporting VAH in 13% of patients with

PC strokes found this variant to be more common in PC strokes

as compared to matched controls with AC strokes. Moreover, the

majority of PC strokes affected the brainstem and cerebellum (5).
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FIGURE 2 | (A) Hypoplastic right vertebral artery (bottom arrow);

basilar artery displacement opposite to the dominant vertebral artery

(top arrow); (B) incomplete circle of Willis, absent left posterior

communicating artery (bottom arrow), absent left A1 segment (top

arrow); (C) fenestration of the basilar artery (bottom arrow);

hypoplastic right P1 segment (top arrow) and (D) posterior cerebral

artery arising directly from the internal carotid artery (fetal variant,

arrow).

Basilar artery curvature may result from congenital asymmet-

ric blood flow to the VB junction causing asymmetric vessel wall

tension, displacement, and elongation of the BA (Figure 2A). The

resulting inner wall shear stress may cause endothelial injury lead-

ing to local thrombosis, torsion of the pontine perforating arteries,

or diminished blood flow in the smaller intracranial VA leading to

subsequent pre- and post-junction infarctions (4).

The relationship between VAH, BA curvature, and stroke lat-

erality has been evaluated. In one study, 69% of patients with

pontine or PICA territory infarctions had VAH and 75% had BA

displacement opposite to the dominant VA. Pontine infarction

occurred contralateral to the side of the BA displacement in 72%

of patients. PICA territory infarction was seen ipsilateral to the

VAH in 72% (Figure 3A). In addition, greater difference in VA

diameters predicted more severe BA curvature (4).

ETIOLOGIES OF ISCHEMIC POSTERIOR CIRCULATION STROKE

Beyond the minority of cases associated with vascular anom-

alies of the PC previously discussed, several pathological and

demographic differences must be considered when determining

stroke etiology. Multiple stroke registries have been analyzed to

investigate the patient characteristics and most common etiologies

of PC stroke.

ATHEROSCLEROSIS

Large vessel atherosclerotic disease within the PC can result in

thromboembolism, or less commonly, hemodynamic failure lead-

ing to ischemia (19). A study of combined registries found large

vessel atherosclerotic disease to be responsible for 35% of PC

strokes and small vessel disease accounting for 13% (2). The most

common locations of VA atherostenosis are the V1 and V4 segment

(3, 20). Caucasian men more commonly have extracranial ather-

osclerosis and evidence of concomitant coronary and peripheral

vascular disease (21). Alternate pathology, such as arterial dissec-

tion, should be considered when stenosis only involves the V2 and

V3 segments. Arterial wall fatty streaks, fibrous plaques, and calci-

fied plaques are less prevalent in the VA as compared to the carotid

artery (20).
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FIGURE 3 | (A) MRI fluid-attenuated inversion recovery (FLAIR)

sequence showing a right lateral medullary infarction in a 32-year-old

woman with a hypoplastic right vertebral artery shown in Figure 2A;

(B) catheter angiogram of a 55-year-old African-American man showing

atherostenosis at the vertebrobasilar junction (arrow); (C) non-contrast

CT showing a left posterior cerebral artery territory infarction in a

60-year-old man with atrial fibrillation; (D) catheter angiogram showing a

right distal vertebral dissecting aneurysm with intraluminal thrombus

(arrow) in a 19-year-old man presenting with vertigo, ataxia, and a right

cerebellar infarction.

Steno-occlusive atherosclerotic disease as an embolic source

most commonly affects the PICA territory, distal BA, superior

cerebellar artery (SCA), and PCA branches (22). AC strokes related

to cervical ICA stenosis are associated with thrombogenic plaque

characteristics (23). Similarly, lesion irregularity and plaque mor-

phology correlate with severity of ischemic presentation in the

PC (24).

The most common intracranial site of atherostenosis is the BA,

followed by the ICAs, MCAs, VAs, PCAs, and ACAs. Intracranial

stenosis is more prevalent among African-American and Asian

individuals and may account for a higher rate of strokes in these

populations compared to Caucasians (Figure 3B). Neurovascular

imaging techniques such as endovascular ultrasound and high res-

olution MRI have shown both vulnerable atherosclerotic plaques

and fibroproliferative lesions (25).

Ischemia due to intracranial disease may result from tis-

sue hypoperfusion, in situ thrombosis, or artery-to-artery

thromboembolism. Mild intracranial disease may have minimal

effect on cerebral hemodynamics. As the stenosis increases, reflex

vasodilation due to inadequate or failing collateral circulation

occurs to increase cerebral blood volume (CBV) and preserve nor-

mal cerebral blood flow (CBF), and oxygen extraction fraction will

increase as CBF further deteriorates. Failure of these compensatory

mechanisms is known as “misery perfusion” (26). Patients with

tandem extracranial and intracranial lesions or bilateral disease

more commonly suffer clinical effects of hemodynamic changes

(3, 24). “Tandem lesions” are commonly found in patients with

VA atherosclerosis and PC stroke (22).

CARDIOEMBOLISM

Approximately 40% of cerebral blood flow goes to each ICA and

only 20% goes to the PC. Therefore by chance, a fifth of cardiac

emboli may end up within the PC (3). Cardiac diseases with risk for

embolism include mechanical prosthetic valves, atrial fibrillation,
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left atrial or ventricular thrombus, myocardial infarction within

4 weeks of stroke, dilated cardiomyopathy, infective endocarditis,

mitral stenosis without atrial fibrillation, bio-prosthetic cardiac

valves, and congestive heart failure (Figure 3C).

In 407 patients in the NEMC-PCR, embolism (cardiac, artery-

to-artery, or both) was the most common etiology (40%) and

a cardiac source of embolism was reported in 24%. Distal PC

territory infarctions were most common followed by the mid-

dle territory (3). In contrast, the Hallym stroke registry (HSR)

reported large artery stenosis in nearly half of 591 Korean patients

with PC strokes, intrinsic small vessel disease in a third, and only

11% had potential cardiac sources of embolism. Middle territory

infarction occurred in 36.5% of patients followed by the distal

territory in 28.1% (27).

VARIATIONS IN PC STROKE ETIOLOGY

Similarities and differences in both registries exist. The preva-

lence of hypertension, diabetes, hyperlipidemia, and smoking were

similar in both registries. Over 80% of both cohorts were inves-

tigated with magnetic resonance imaging (MRI) and magnetic

resonance angiography (MRA). Compared to HSR, the NEMC-

PCR included a higher proportion of men (63 vs. 56%) and

patients were slightly younger (mean age 61 vs. 63 years). NEMC-

PCR patients were predominantly Caucasian (84%) and only a

minority was Asian (9.5%) (3).

In the HSR, cardiac risk factors were found less frequently com-

pared to the NEMC-PCR. Transthoracic echocardiography (TTE)

was only performed in 37.5%, transesophageal echocardiography

(TEE) in 14.1% in contrast to the NEMC-PCR, and VA origins

were not routinely evaluated (27). The lower cardioembolic risk

of the HSR may have accounted for fewer infarctions in the dis-

tal and multiple territories compared to the NEMC-PCR (25, 28).

A higher prevalence of intracranial atherosclerotic disease in the

Korean population may have accounted for a higher proportion

of middle territory infarctions.

VERTEBROBASILAR DOLICHOECTASIA

Vertebrobasilar dolichoectasia (VBD) refers to dilatation, elonga-

tion, and tortuosity of the BA. The anatomy is highly variable.

Asymptomatic patients may be found to have VBD incidentally

on neuroimaging while other patients present with vertebrobasilar

territory ischemia (29). Risk factors for VBD include male gender,

increasing age, hypertension, smoking, and history of a myocardial

infarction. VBD has been associated with aortic dilations, ectatic

coronary arteries, Marfan syndrome, late-onset Pompe disease,

autosomal dominant polycystic kidney disease, and Fabry dis-

ease (30). The estimated 5-year complications in VBD is 17.6%

for ischemic stroke, 10.3% for brainstem compression, 10.1%

for TIAs, 4.7% for hemorrhagic stroke, 3.3% for hydrocephalus,

and 2.6% for subarachnoid hemorrhage (SAH) (30). Long-term

prognosis may be related to VBD severity and evolutionary char-

acteristics such as vertical elongation, lateral displacement, and

diametric changes over time (29).

ARTERIAL DISSECTION

Cervical artery dissections (CADs) may occur spontaneously or

result from major or minor cervical trauma (31). In young adults

(15–49 years), CADs accounts for approximately 15% of strokes

(32, 33). The presence of headache, neck pain, history of trauma,

or neck manipulation associated with stroke should raise suspi-

cion (34). VA dissections are most commonly found in the V2 and

V3 segments (35). Posterior neck pain is present in half of patients

and headache (more commonly occipital) occurs in two-thirds.

In addition, VA dissections more frequently present with ischemia

(>90%) and PICA territory strokes (lateral medullary and/or cere-

bellar) are common (36). Isolated neck pain or headache without

ischemic symptoms can be observed in 12% (35). Compared to

patients with ICA dissections, patients are younger, more com-

monly have neck pain, are more likely to have associated SAH, and

take 2 days longer on average to diagnose (37, 38). Approximately

10% of VA dissections extend intracranial (35). Intracranial exten-

sion carries a higher risk of dissecting aneurysm formation, SAH,

and mortality (39) (Figure 3D).

OTHER ETIOLOGIES AND ASSOCIATIONS

Other less common causes of ischemia with predilection for the PC

circulation include subclavian steal syndrome, giant-cell arteritis,

and Fabry disease. Mitochondrial encephalopathy, lactic acido-

sis, and stroke like episodes (MELAS), migraines, and posterior

reversible encephalopathy syndrome (PRES) also have a predilec-

tion for the PC (19). Reversible cerebral vasoconstriction syn-

drome (RCVS) should be considered in the differential diagnosis

of sudden onset headache and focal neurological deficits as this

may mimic PCA embolus presentation (40).

CLINICAL PRESENTATIONS OF POSTERIOR CIRCULATION

STROKE

In clinical practice, not all PC stroke presentations are classic.

Many patients present with signs and symptoms of multifocal PC

infarctions. Moreover, the PC is rich in potential collateral support

and clinical manifestations of BA ischemia may be highly variable.

Symptoms associated with PC strokes such as diplopia, visual field

defects, dysphagia, vertigo, alteration in consciousness, or hear-

ing loss may aid with localization. PC strokes have fewer cortical

findings and relatively small lesions can cause significant deficits

as compared to AC stroke due to the close proximity of major

afferent and efferent tracts and cranial nerve nuclei in the brain-

stem. Table 1 lists vascular territories of the PC with corresponding

clinical findings and classic stroke syndromes.

COMMON SYMPTOMS OF POSTERIOR CIRCULATION STROKE

Common presenting symptoms of PC stroke include vertigo,

imbalance, unilateral limb weakness, slurred speech, double vision,

headache, nausea, and vomiting. Exam findings include unilateral

limb weakness, gait ataxia, limb ataxia, dysarthria, and nystagmus.

Infarcts involving the proximal PC territory may cause dyspha-

gia due to pharyngeal weakness, nausea, vomiting, and Horner’s

syndrome. Infarcts involving the middle territory are often asso-

ciated with limb weakness and nuclear facial palsy. Distal territory

infarctions are commonly associated with decreased appendicu-

lar sensory loss, lethargy, and visual field defects (41). Patients

typically present with more than one finding and rarely have an

isolated symptom or sign of PC ischemia (21). The frequency of

common presenting signs and symptoms of PC infarcts from the
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Table 1 | Vascular territories of the PC with corresponding clinical findings.

Vascular territory Anatomical location Stroke syndrome Clinical findings

Unilateral PCA Occipital lobe Contralateral homonymous

hemianopsia

Homonymous hemianopsia with macular sparing

Dominant occipital lobe plus

splenium of corpus callosum

Alexia without agraphia Homonymous hemianopsia and alexia without

agraphia

Ventral occipital cortex;

infracalcarine

Achromatopsia Loss of color differentiation contralateral to the side

of the lesion, can be associated with a

quadrantanopsia

Optic radiation Inferior quadrantanopsia Inferior quadrantanopsia

OR supracalcarine

Myers loop (temporal lobe) or

infracalcarine

Superior quadrantanopsia Superior quadrantanopsia

Bilateral PCA Both occipital lobes Cortical blindness Bilateral cortical blindness with normal

ophthalmological findings

Anton’s syndrome Cortical blindness with denial of blindness and

confabulations or visual hallucinations

PCA–MCA border

zone regions

Bilateral ventral–mesial

occipital–temporal border zones

Prosopagnosia Inability to recognize familiar faces and/or interpret

facial expressions. Retained ability to identify with

speech or unique feature (e.g., glasses, facial hair,

tattoo, etc.)

Bilateral occipital–parietal border

zones

Balint’s syndrome Optic ataxia (inability to reach targets with visual

guidance), oculomotor apraxia (inability to

volitionally direct gaze), and simultagnosia (inability

to synthesize objects within a visual field)

Unilateral left temporal–parietal

border zone

Transcortical sensory aphasia Impaired comprehension, fluent speech but

preserved repetition

PICA Inferior posterior cerebellar

hemisphere, inferior vermis,

lateral medulla

Lateral medullary or Wallenberg

syndrome

Superior cerebellar artery

syndrome

Vertigo, nausea, vomiting, ipsilateral facial

numbness and dysmetria, Horner’s syndrome,

dysphagia, and ataxia dysphonia contralateral

hemisensory loss below the face

SCA Dorsolateral upper brainstem

and cerebellum and superior

cerebellar peduncle

Superior cerebellar artery syndrome Ipsilateral limb ataxia, vertigo, nystagmus,

dysarthria, and gait ataxia

AICA Ipsilateral labyrinth, lateral

pontine tegmentum, and

brachium pontis, ICP

Lateral pontine syndrome Ipsilateral dysmetria, hearing loss, Horner’s

syndrome, choreiform dyskinesia, contralateral

thermoanalgesia

Top of the BA Midbrain, thalamus, and mesial

temporal lobes and occipital

lobes

Top of the basilar syndrome Somnolence, peduncular hallucinosis, convergence

nystagmus, skew deviation, oscillatory eye

movements, Colliers sign (retraction and elevation

of eye lids), vertical gaze paralysis

Mid-BA Lateral and medial pons Lateral mid-pontine syndrome Ipsilateral loss of facial sensation and motor

function of the trigeminal nerve, ipsilateral

dysmetria

Medial mid-pontine syndrome Ipsilateral dysmetria, contralateral arm and leg

weakness and gaze deviation

Pontine paramedian

penetrators

Anteromedial pons Dorsal mid-pontine syndrome Ipsilateral nuclear facial palsy, horizontal gaze palsy,

and contralateral arm and leg weakness

(Continued)
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Table 1 | Continued

Vascular territory Anatomical location Stroke syndrome Clinical findings

Short pontine

circumferential arteries

Anterolateral pons Superior medial pontine syndrome Ipsilateral intranuclear ophthalmoplegia, palatal,

facial, pharyngeal and/or ocular myoclonus,

dysmetria, and contralateral arm and leg

weakness, ocular bobbing

Proximal BA Lower pons Locked-in syndrome Quadriplegia, horizontal gaze paralysis, bifacial,

paralysis, and tongue and mandibular weakness.

Awareness is spared

VA Medulla and cervical spinal cord Medial medullary or Dejerine

syndrome (intracranial disease may

lead to Wallenberg syndrome)

Contralateral arm and leg weakness, hemibody

loss of tactile, vibration, position sense, ipsilateral

tongue paralysis

Anterior spinal artery Anterior spinal artery syndrome Quadriparesis, bilateral pain and temperature loss,

decreased sphincter tone, autonomic instability,

and hyperreflexia. Proprioception spared

Table 2 | Frequency of common presenting signs and symptoms of

posterior circulation infarcts.

Symptoms and signs NEMC-PCR

(n = 407) (%)

IPCSQ

(n = 116) (%)

Dizziness or vertigo 47 75

Dysarthria 31 64

Nausea or vomiting 27 60

Loss or alteration of consciousness 5 18

Limb weakness 38 49

Ataxia 31 65

Nystagmus 24 48

NEMC-PCR, New England Medical Center posterior circulation registry; IPCSQ,

ischemic posterior circulation stroke in State of Qatar.

NEMC-PCR (41) and ischemic posterior circulation stroke in state

of Qatar registry (IPCSQ) (42) are summarized in Table 2.

NATURAL HISTORY OF POSTERIOR CIRCULATION ISCHEMIA

Typical of stroke, symptoms are sudden and maximal at onset. Ver-

tebrobasilar insufficiency (VBI) refers to PC symptomatology due

to hemodynamic failure resulting in ischemia. A steno-occlusive

lesion at any level due of the VA due to any cause may lead to VBI

and a physical examination alone is insufficient for diagnosis (43).

A detailed clinical history, evaluation of traditional risk factors,

and thorough examination in patients with VB symptomatology

is paramount.

Vertebrobasilar TIA may precede PC stroke in approximately

one-fourth of cases (3). Episodes of diplopia, vertically oriented

binocular visual field loss, vertigo, ataxia, impaired sensorium, or

“crossed-findings” (ipsilateral cranial nerve deficits and contralat-

eral long tract signs) are localizing. History of neck pain, trauma,

or headache particularly in younger patients may suggest verte-

bral dissection. Fleeting or stuttering vertebrobasilar symptoms

are concerning and should prompt evaluation of basilar artery

patency. Distal and mid-basilar artery occlusions typically result

in abrupt events without prodromal signs or symptoms as com-

pared to proximal lesions where a fluctuating and progressive

course is observed (44). Fluctuating symptoms in the setting of

a patent basilar artery was described by Saposnik and colleagues

as the “pontine warning syndrome” and characterized by episodes

of motor or sensory dysfunction, dysarthria, or ophthalmoplegia

due to basilar branch artery disease leading to ventral pontine

infarctions (45) (Figure 4A).

History of unilateral arm pain with exertion associated with

VBI symptomatology may suggest proximal subclavian artery

stenosis causing reversal of normal flow within the ipsilateral ver-

tebral and basilar arteries, known as the subclavian steal syndrome

(46). A blood-pressure differential (BPD) of >20 mm Hg between

both arm measurements aids in identifying patients with subcla-

vian stenosis (47), however two-thirds of patients with subclavian

steal may be asymptomatic. Symptomatic patients commonly have

concomitant carotid disease which may provoke VB symptoms

(46). Patients with a higher BPD measurement (>40–50 mm Hg)

and complete steal phenomenon would more likely benefit from

intervention (47).

Vertebrobasilar symptoms or syncope with head-turning

known as rotational vertebrobasilar insufficiency or bow hunter’s

syndrome is rare. This is most commonly caused by compression

of the vertebral artery due to cervical bony osteophyte in older

patients, C1–C2 hypermobility, or even neck muscle hypertrophy

in younger patients (48, 49).

NON-SPECIFIC SYMPTOMS OF POSTERIOR CIRCULATION

ISCHEMIA

DIZZINESS AND VERTIGO

Dizziness, albeit descriptive, is a non-specific term that is com-

monly used interchangeably with vertigo by patients. Moreover,

patients commonly use dizziness to describe feeling faint or light-

headed. Nearly 7.5 million patient visits per year in the ambulatory

setting are due to dizziness as the presenting symptom (50, 51). In

a study of 1666 patients presenting to the emergency department

with complaints of dizziness, vertigo, or imbalance; stroke or TIA

was diagnosed in only 3.2% (33 ischemic strokes, 17 TIAs, 1 ICH,
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FIGURE 4 | (A) MRI diffusion-weighted image (DWI) demonstrating a

right ventral pontine infarction (arrow) in a 62-year-old man with

fluctuating left sided weakness; (B) MRI-DWI showing a small dorsal

left medullary infarction (arrow) in a 58-year-old man with

hypertension and hyperlipidemia presenting with acute isolated

vertigo; (C) catheter angiogram showing cut-off of the right posterior

inferior cerebellar artery (arrow); (D,E) MRI-DWI showing massive

right cerebellar hemispheric and vermian infarction; (F) MRI

T2-weighted sequence demonstrating right cerebellar infarction with

edema and mass effect.

and 2 undetermined) (51). Patients with cerebrovascular events

were older and more likely to have two or more stroke risk factors

than those with other etiologies of their symptoms.

In contrast, in 240 patients clinically diagnosed with vestibu-

lar neuritis due to vertigo lasting >24 h without accompanying

neurological symptoms and a normal neurologic examination,

cerebellar infarctions were found in 10% of patients. Almost all

infarctions were within the PICA territory (52). However, only

17% of patients with PICA territory strokes presented with signs

and symptoms consistent with vestibular neuritis. The inves-

tigators termed this phenomenon, “pseudo-vestibular neuritis.”

These findings underscore the non-specific nature of these symp-

toms, need for careful clinical assessment, and importance for

appropriate imaging consideration (Figure 4B).

Qualitative descriptions may be less dependable than estimates

of the duration and situations that preceded or provoked the event

(53). Brief, vertiginous episodes that occur frequently and begin

soon after head movement are more consistent with benign posi-

tional vertigo than ischemia (50, 53). Symptoms that increase in

frequency or severity should raise more concern (54). Central

vertigo may or may not be exacerbated by head positioning. When

central vertigo occurs after head positioning, there is usually no

latency unlike the latency seen with benign paroxysmal positional

vertigo as an otoconial particle travels within the endolymph of

the semicircular canals.

Ischemia associated with vertigo is often accompanied by other

brainstem or cerebellar signs and symptoms (53). Provocative

maneuvers such as the head thrust and Dix–Hallpike maneuvers

can help differentiate between central and peripheral etiologies. In

the Dix–Hallpike maneuver, patients whose symptoms are repro-

duced in the supine position with the head tilted down and rotated

after 5–10 s latency with or without observable rotational nystag-

mus are likely to have a peripheral etiology (50). Symptoms and

nystagmus that occur immediately upon positioning may occur

with both peripheral and central etiologies. Patients that exhibit a

corrective saccade after a head thrust in the direction of the dys-

functional side with eyes fixed invariably have peripheral vertigo

(52, 54). In contrast, none of the patients with “pseudo-vestibular

neuritis” due to a PICA territory infarction in the aforementioned

study had a positive head thrust test. Peripheral vertigo may be
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Nouh et al. Ischemic posterior circulation stroke review

associated with tinnitus or hearing loss (50) and typically does

not present with pupillary abnormalities, dysconjugate gaze, dys-

metria, motor weakness, or depressed level of consciousness. The

presence of any of these suggests a central etiology. Vertical nystag-

mus and direction-changing nystagmus are also specific for central

lesions.

In patients presenting with acute vestibular symptoms (vertigo,

nausea, vomiting, head motion intolerance, and/or nystagmus),

the HINTS method, a three-step bedside evaluation composed of

horizontal head impulse testing, nystagmus evaluation, and testing

of skew can be easily performed in about 1 min. A negative (nor-

mal) head impulse, alternating nystagmus, and presence of skew

(refixation on cover–uncover testing) has a sensitivity and speci-

ficity of 100 and 96%, respectively, for detecting stroke. In addition,

the presence of skew deviation is highly specific for brain stem

dysfunction in patients with the aforementioned symptoms (55).

ATAXIA

Gait ataxia may be central, vestibular, or sensory in origin. It is

almost always present in PC stroke involving the brainstem and

cerebellum (56) and nearly all patients with cerebellar ataxia fall

toward the lesion side (57). When stratified by infarction site, the

frequency of gait ataxia is similar across all territories but tends

to be most severe when the cerebellum and cerebellar tracts of

the brainstem are involved (56). Furthermore, ataxia associated

with a central lesion tends to begin abruptly with full severity

at onset (58). Lack of gait evaluation and coordination testing

in patients with ataxic symptoms is a common cause of misdi-

agnosis of cerebellar infarction (59). Dysmetria assessment with

finger–nose–finger or heel-to-shin testing and clumsiness with

rapid alternating movements (i.e., dysdiadochokinesia) may help

evaluate cerebellar dysfunction (50).

HEADACHE

Headaches occur commonly in the general population due to myr-

iad etiologies and are non-specific symptoms in many cases. The

frequency of headache with stroke is approximately 27%, and

increases to 46–70% when the PC is involved (60). Headaches

associated with PC territory infarcts may be due to irritation of

trigeminovascular afferents densely located in brainstem arteries

(60). Patients with cerebellar infarcts and unilateral headaches

typically have lesions in the ipsilateral cerebellum (57). Table 3

summarizes differentiating features of peripheral and central orig-

inated vertigo, nystagmus, ataxia, headache, as well as test finding

differences.

NEUROIMAGING IN PC STROKE

Brain computed tomography (CT) is typically performed as the

initial imaging modality for patients presenting with acute stroke

symptoms. Unfortunately, CT provides suboptimal visualization

of the posterior fossa structures due to obscuration by artifacts

produced by the bony structures of the cranial base and early

ischemic changes may not be visible. In contrast, MRI provides

better visualization of the soft tissue structures (61) and is superior

for detecting early evidence of infarction with diffusion-weighted

imaging (DWI) sequences. However, in the acute setting, MRI

is more time consuming and in patients with metallic foreign

Table 3 | Differentiating features of peripheral and central originated

vertigo, nystagmus, ataxia, and headache.

Summary of peripheral vs. central etiology distinguishing features

Peripheral cause Central cause

VERTIGO

Onset Acute or gradual Acute

Duration Minutes to hours Days to weeks

Impact of head

movement

Worsens Variable

Auditory symptoms Frequent Often absent

Dix–Hallpike Positive Negative

Associated neurological

findings

Absent Often present

NYSTAGMUS

Direction of fast-phase Unidirectional Can be alternating

Vertical component Absent Can be present

Fatigability Fatigable in 30–60 s Not fatigable

Presence of vertigo

symptoms

Always present Can be absent

ATAXIA

Gait ataxia Present but less severe Very severe

Truncal ataxia Uncommon Common

Cerebellar testing Normal Frequently abnormal

Onset Acute or gradual Acute

Severity at onset Less likely to be severe

at onset

More likely to be

maximal at onset

Headache Uncommon Common

Location Variable Occipital

Unilateral Variable Commonly unilateral

Onset timing Variable Typically at time of other

symptoms

HINTS

Head impulse test Abnormal (gaze

correction)

Normal

Nystagmus Fast-phase in one

direction

Fast-phase alternating

directions

Test of skew Skew absent Skew present

bodies, incompatible pacemakers, or claustrophobia it cannot be

performed safely.

Subtle hypodensities, loss of gray–white matter differentiation

and sulcal effacement have been used to asses for signs of early

ischemia on non-contrast head CT. The Alberta Stroke Program

Early CT Score (ASPECTS) provides a reliable and standardized

topographic assessment of acute ischemic changes in the MCA
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territory with predictive value (62, 63). In contrast, early ischemic

signs on CT in the PC are not as well-established (64). This may

be in part due to the smaller area interpreted and density of the

posterior fossa. The Posterior Circulation Acute Stroke Progno-

sis Early CT Score (pc-ASPECTS) has been proposed (65). This

score is more sensitive for detection of early ischemic change

and prediction of functional outcomes with contrast infusion (as

compared to non-contrast CT), and could help identify patients

with BA occlusion who are unlikely to have favorable outcomes

despite recanalization (65). Infarction size in the PC does not cor-

relate well with stroke severity (66). Due to the close proximity of

vital tracts and nuclei, location site is a more critical functional

outcome predictor (67). Applying the pc-ASPECTS score to MRI-

DWI has been shown to be a powerful marker for the prediction

of functional outcome of PC stroke (68).

Despite the superior sensitivity of MRI-DWI in detection of PC

stroke compared to CT, MRI can rarely be negative for small infarc-

tions (19). In one study, DWI imaging was falsely negative in 5.8%

of all patients with stroke symptoms lasting >24 h when imaging

was obtained within 48 h of onset. The false-negative DWI rate

for PC stroke was almost 10 times higher than that of the AC (19

vs. 2%). Moreover, up to a third of patients in that study present-

ing with vertebrobasilar ischemic symptoms who had an initial

false-negative DWI study during the first 24 h had positive stud-

ies on follow-up (69). Similarly, a 12% false-negative DWI rate

was reported for patients with acute vestibular symptoms and PC

stroke, when imaging was done within 48 h of symptom onset (55).

These studies highlight the importance of adequate history taking,

thorough neurologic examination, and a high index of suspicion

during patient evaluation beyond sole reliance on neuroimaging.

Presence of a hyperdense BA sign in the setting of acute PC

stroke may be indicative of thrombosis. This finding has been

shown to be 71% sensitive, 98% specific, and 94% accurate for

BA occlusion with a positive predictive value of 83%, negative

predictive value of 95%, and a strong predictor of short- and

long-term outcome (70). The gold standard for intracranial and

extracranial vascular imaging remains the conventional catheter

cerebral angiogram (Figure 4C). CT angiography (CTA) and MRA

are quick non-invasive imaging modalities with good sensitivity

and specificity for large vessel abnormalities. Contrast-enhanced

MRA has a higher sensitivity and specificity for detection of verte-

brobasilar stenosis >50% as compared to CTA or ultrasound (71).

Cervical duplex ultrasound has limited ability to visualize the V1

segment and does not visualize the V4 segment. Additionally, the

density of the vertebrae precludes insonation of the portions of

the V2 segment within the transverse foramina. Insonation with

transcranial Doppler ultrasound through the foramen magnum is

able to detect velocity changes in the V4 segment consistent with

stenosis but does not routinely obtain gray scale images of the ves-

sel wall to define the cause of stenosis and is operator-dependent.

Extracranial VA dissections may be identified by Doppler color-

flow studies. Typical findings include irregular stenosis or localized

increase in vessel diameter, dissecting membrane with true and

false lumen, intramural hematoma, and tapering stenosis with dis-

tal occlusion (72). Use of contrast-enhanced MRA increases the

sensitivity for detection of dissections (73). Although MRA has

good sensitivity for vertebral dissection, it has low specificity (74)

unless combined with cervical axial T1 fat saturation sequences

which may detect crescent-shaped high intensity signal within

the pseudo-lumen suggesting intramural hematoma. CTA is supe-

rior to MRA for identifying intimal flaps, pseudoaneurysms, and

high-grade stenosis than MRI (75).

MANAGEMENT

MANAGEMENT OF VERTEBROBASILAR ATHEROSCLEROTIC DISEASE

Ideal treatment of symptomatic vertebrobasilar stenosis and indi-

cations for invasive treatments remains a topic of debate as ran-

domized controlled trials data are lacking. Patients with symp-

tomatic vertebrobasilar stenosis, defined as VA or BA stenosis

>50% by CTA or contrast-enhanced MRA have a threefold higher

90-day risk of stroke or TIA after a first event as compared to

patients without. Stroke risk is highest within the first 2 weeks and

patients with intracranial stenosis harbor an even higher risk of

early recurrence, up to 33% as compared to 16.2% for extracra-

nial stenosis (1). Management includes treatment of vascular risk

factors, statins, and antiplatelet agents similar to AC disease. Ear-

lier reports of a supraclavicular approach for endarterectomy (76)

have not been tested in a controlled manner. Bypass procedures

are technically challenging and carry a combined morbidity and

mortality of up to 17% (77, 78). Current indications for surgi-

cal intervention are few such as bypass-grafting or stenting for

subclavian steal (79) or surgical decompression for an externally

compressed vertebral artery (80). Some practitioners have adopted

the combined use of aspirin with a 90-day course of clopidogrel

after minor stroke or high-risk TIA patients based on the low stroke

rate and similar bleeding profile in the stenting and aggressive

medical management for preventing recurrent stroke in intracra-

nial stenosis (SAMMPRIS) trial (81). Additionally, a study of a

Chinese population compared aspirin monotherapy to clopido-

grel with aspirin for 90 days in patients with acute minor stroke

or TIA. This study demonstrated safety and a modest benefit of

combination therapy over aspirin (82).

In the Carotid and Vertebral Artery Transluminal Angioplasty

Study (CAVATAS), only eight patients underwent endovascular

angioplasty with or without stenting precluding meaningful con-

clusion about the utility of endovascular intervention within the

VA (83). A recent systematic review on stenting of the extracra-

nial vertebral artery showed a 1.1% 30-day peri-procedural stroke

rate, and 2-year in-stent restenosis rate of 11–30% for drug-eluting

stents and bare metal stents, respectively (84). A non-randomized

prospective single center study evaluating 114 patients from the

Borgess Medical Center vertebral artery ostium registry who

underwent ostial stenting for symptomatic vertebral stenosis of

>50% showed a 2% stroke recurrence rate at 1 year and a 25%

restenosis rate >50% irrespective of stent type used (bare metal

or drug-eluting) (24).

In the stenting of symptomatic atherosclerotic lesions in the

vertebral or intracranial arteries (SSYLVIA) trial, the 30-day peri-

operative stroke rate for intracranial stenting was 6.6% (85).

Restenosis at 6 months was reported in 35% of patients and nearly

a third were symptomatic. Intracranial angioplasty with stenting

using the Wingspan stent plus aggressive medical management

(AMM) was compared to AMM alone in the SAMMPRIS trial

(81). AMM included antithrombotic therapy with aspirin plus
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clopidogrel for 90 days, statins for target LDL ≤70 mg/dL, blood-

pressure lowering according to the seventh report of the Joint

National Committee on treatment of prevention, detection, eval-

uation, and treatment of high blood pressure, and lifestyle changes

to achieve better glycemic control, weight loss, and regular exer-

cise. Patients randomized to angioplasty with stenting had nearly

three times the rate of stroke and death at 30 days compared to the

medical arm and the trial was prematurely stopped due to the high

complication rate in the procedure arm. There were no differences

in stroke distal to the target lesion beyond 30 days up to a median

of 32.4 months between the treatment groups (86). Not only did

the angioplasty and stenting arm exceed the anticipated 30-day

stroke and death rate, the AMM only arm had fewer events than

expected (81, 86). The reasons for better-than-expected outcomes

in the latter are to date uncertain. However, the rapid reduction

in low-density lipoprotein cholesterol and blood pressure and the

potential benefits of short-term dual antiplatelet agent use may

have contributed. Only 13% of patients in SAMMPRIS had verte-

brobasilar stenosis. However, of the strokes seen within 30 days in

the angioplasty and stenting arm, most occurred at the time of the

procedure and the majority of those were due to BA paramedian

branch occlusions (87).

MANAGEMENT OF VERTEBROBASILAR DOLICHOECTASIA

Specific guidelines for treatment of VBD are lacking. Management

is typically conservative with use of antiplatelet agents or antico-

agulants. However, antithrombotic use may be associated with an

increased risk of intracerebral hemorrhage (88). Ventriculoperi-

toneal shunting for hydrocephalus, microsurgery for cranial nerve

compressions, and superficial temporal artery–superior cerebellar

artery bypass have been reported (30).

MANAGEMENT OF CARDIOEMBOLIC PC STROKE

Patients with PC stroke and atrial fibrillation should be managed

with long-term anticoagulation. Available oral agents include vit-

amin K antagonist therapy with warfarin (target INR 2.5; range

2–3), direct thrombin inhibitors such as dabigatran, and factor

Xa inhibitors such as apixaban, edoxaban, and rivaroxaban (89).

Patients with metallic prosthetic cardiac valves should receive war-

farin. Optimal antithrombotic treatment for patients with other

cardioembolic predisposing factors is at present uncertain and

needs to be individually tailored. A detailed discussion of this

topic is beyond the scope of this review.

MANAGEMENT OF ACUTE PC STROKE

Acute treatment options for PC stroke include IV recombinant

tissue-plasminogen activator (IV-rt-PA), intra-arterial fibrinoly-

sis, and endovascular thrombectomy. The acute management of

ischemic stroke is primarily governed by time from last known well

and comorbid conditions. Within the therapeutic treatment win-

dow, stroke severity based on the NIHSS play an important role

in decision-making. However, this measure has limitations in PC

stroke. Higher points in AC stroke are seen with cortical findings

and motor deficits, in contrast to fewer points assigned to cranial

nerve deficits and ataxia which may occur without weakness in PC

strokes (64, 90). Patients with PC strokes may have an unfavorable

3-month outcome despite relatively low NIHSS scores (90).

INTRAVENOUS THROMBOLYSIS

Only 5% of the National Institute of Neurological Disorders and

Stroke (NINDS) Study that led to U.S. Food and Drug Administra-

tion approval of alteplase for acute ischemic stroke had PC stroke

(91) and data regarding PC strokes in the European Cooperative

Acute Stroke Study III (ECASIII) was lacking. Clinical practice

guidelines in the U.S and Europe recommend IV-tPA as first-line

therapy for patients with ischemic stroke within 4.5 h of last known

well (92). The Third International Stroke Trial (IST 3) showed that

treatment with IV-tPA within 6 h of symptom onset was associated

with improvements in functional outcome and quality of life with-

out effect on overall survival rate (93). However, only 246 of 3025

(8.1%) randomized patients had PC strokes. Studies evaluating

the effectiveness of other IV fibrinolytics including tenecteplase

and desmoteplase with potentially longer treatment windows are

ongoing (94, 95).

Basilar artery occlusion (BAO) is a neurological emergency that

carries >80% fatality rate without treatment (96, 97) prompt-

ing heroic efforts beyond the IV thrombolytic time constraints.

BAO has variable presentation depending on the collateral flow

and individual ischemic tolerance. A study of patients treated

with IV-thrombolysis followed by full dose heparin showed that

recanalization of BAO up to 48 h from symptom onset produced

good outcomes in 50% of patients independent of time to treat-

ment (98). A Japanese study reported the outcomes of 25 patients

with BAO treated with low dose IV-rt-PA (0.6 mg/kg). Recanaliza-

tion during hospitalization occurred in 78% of patients and 44% of

patients were independent at 3 months. These patients had lower

NIHSS scores at baseline, shorter onset-to-treatment times, and

greater frequency of thromboembolic stroke etiology which may

have accounted for the more favorable results compared to other

reports (99).

INTRA-ARTERIAL FIBRINOLYSIS

The use of intra-arterial (IA) thrombolytics in PC stroke has

been previously studied (96, 97, 100, 101). Favorable outcomes

including improved survival after IA-thrombolysis for patients

with stroke due to BA occlusion has been associated with angio-

graphic evidence of recanalization (100). The recanalization rate

of occlusions in the vertebrobasilar system from IA therapy alone

is approximately 63% (102). An analysis of 420 non-randomized

patients with BAO treated with IA-thrombolysis (82%) or IV-

rt-PA (18%) showed IA-thrombolysis more frequently achieved

recanalization than IV-rt-PA (65 vs. 53%). However, death or

dependency and favorable functional outcomes were not signifi-

cantly different. Regardless of treatment modality, a good outcome

was achieved in only 2% of those without recanalization, under-

scoring the devastating nature of BAO and importance of BA

recanalization (96). Establishing the ideal treatment modality for

BAO has been challenging. An early randomized controlled trial

of IA thrombolytic infusion in patients with BA occlusion was too

small to demonstrate meaningful conclusions (97). The Basilar

Artery International Cooperation Study (BASICS) prospectively

observed and compared outcomes of patients with BAO and

found no conclusive evidence of superiority for IA-thrombolysis

over IV-thrombolysis and prompted the need for a randomized

control trial (103). The American Heart Association/American
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Stroke Association recommends IA-rt-PA in select patients with

MCA occlusion within 6 h of symptom onset but no recommen-

dation is made for IA-thrombolysis in PC stroke including BA

occlusion (104).

MECHANICAL THROMBECTOMY

Recanalization has a strong association with clinical outcome. A

large meta-analysis of 53 studies with reported recanalization rates

including 2066 patients demonstrated a four- to fivefold increase

in the odds of a good functional outcome and similar decrease in

the odds of death in patients with successful recanalization (102).

In addition, patients with partial or complete early recanalization

fare better than those with delayed recanalization or persistent

occlusions (105–107). Mechanical thrombectomy achieves high

recanalization rates for all target vessels in reported device trials.

Recanalization is more readily achieved with the stent retrievers

than older generation devices such as coil retrievers and aspira-

tion catheters (108) though data on patients with PC stroke is

limited. Only 10% of strokes included in the Merci trial were in

the PC with 50% success achieving partial or complete recanal-

ization (105). In the Multi-Merci trial, 8.5% of patients had PC

stroke with an 86% successful recanalization rate (109) and 9%

in the Penumbra Pivotal study with no specific data regarding PC

recanalization (107).

Recent randomized controlled trials have not clarified the role

of endovascular therapy for acute ischemic stroke in general and

PC stroke in particular. The interventional management of stroke

III (IMS III) trial, showed no overall benefit of endovascular rescue

therapy after IV-rt-PA compared to IV-rt-PA alone in 656 ran-

domized patients with ischemic stroke and NIHSS ≥10. However,

older generation thrombectomy devices were employed, onset-

to-treatment times were long, and only 2% of patients had PC

stroke. A favorable trend was seen for patients receiving IV-rt-PA

within 2 h of symptom and endovascular rescue therapy within

90 min of IV-rt-PA initiation (110). The SYNTHESIS expansion

trial randomized patients with ischemic stroke to IV-rt-PA or IA-

thrombolysis with optional mechanical thrombectomy. Overall,

endovascular treatment was not found to be superior to IV-tPA

alone, few patients received mechanical thrombectomy and only

8% of randomized subjects had PC stroke (111). PC strokes were

systematically excluded from the magnetic resonance and recanal-

ization of stroke clots using embolectomy (MR RESCUE) trial

evaluated endovascular therapy which concluded that a favor-

able penumbral pattern on neuroimaging was not able to identify

patients who would differentially benefit from endovascular ther-

apy for acute ischemic stroke in the AC within 8 h (112). Multiple

critiques following these publications have raised issues with study

design, infrequent use of newer devices, patient selection, and dos-

ing of IV thrombolytic among others. Despite these criticisms and

the fact that PC strokes were under-represented, the conclusions

from these studies have thus far been discouraging (113).

MANAGEMENT OF VERTEBROBASILAR DISSECTIONS

The main mechanism of stroke after cervical arterial dissection is

thromboembolism rather than hemodynamic compromise. This

prompts consideration regarding antithrombotic selection for

recurrent stroke prevention (36). Antithrombotic agents including

anticoagulants or antiplatelet agents are typically employed. The

use of either therapy may depend on stroke severity, infarct size,

bleeding risk, the presence of free floating thrombus, or intracra-

nial extension of the dissection. When anticoagulation is chosen,

a short period of 3–6 months is usually employed (114). The

majority of dissection heal within 2–3 months with >90% res-

olution of stenosis (36). Typically, intracranial extension of a

dissection carries a higher risk of subarachnoid hemorrhage and

anticoagulation is not recommended. The only randomized con-

trolled trial evaluating the effectiveness of antiplatelet therapy

compared to anticoagulation for patients with acute cervical arte-

rial dissections is currently underway (115). In patients with acute

occlusion or dissecting aneurysms, stent-assisted coil emboliza-

tion or double stent placements may be an alternative treatment

(116).

POST STROKE CONSIDERATIONS FOR THE POSTERIOR FOSSA

Cerebellar infarctions can rapidly swell due to cytotoxic edema

within the tight constraints of the non-yielding posterior fossa and

lead to obstructive hydrocephalus or fatal herniation if not ade-

quately managed in a timely fashion (117–119) (Figures 4D–F).

Patients should be clinically monitored for signs of increased

intracranial pressure such as headache, vomiting, lethargy, dis-

orientation, or neurologic deterioration, as well as evidence of

hypertension, bradycardia, or irregular respiratory pattern. Acute

temporizing measures would include hyperventilation,head eleva-

tion to 30°,osmotherapy,blood-pressure management to maintain

cerebral perfusion, and sedation until definitive surgical treat-

ment is started (120). Patients who receive surgical treatment

fare better than those only medically managed, with better func-

tional outcomes and lower mortality (119). Unilateral cerebellar

infarctions may be managed with ventriculostomy, suboccipital

decompression with or without removal of necrotic tissue, or a

combination of all three. In a study of patients with unilateral cere-

bellar infarctions with a median Glasgow Coma Scale (GCS) of 9

that received all three surgical treatments, GCS scores improved

to 13.6 at discharge and mortality was 31% (118). In patients with

malignant cerebellar edema, bilateral suboccipital decompressive

craniectomy has been shown to be safe with a 6-month mortality

of 28% (117).

CONCLUSION

Several anatomical and clinical differences distinguish PC infarc-

tions from those in the AC and have practical implications. Vas-

cular anatomical variation may affect stroke severity and present-

ing signs and symptoms. Large vessel atherostenosis is common

but cardioembolic strokes, dissections, and other etiologies are

known to affect the PC. Quantitative measures such as the NIHSS

alone may not suffice and clinical signs and symptoms such as

dizziness, vertigo, and ataxia may be diagnostic pitfalls. MRI is

superior to CT for imaging an acute PC infarct but may rarely

miss a small infarct early on. A variety of non-invasive vascu-

lar imaging modalities are available to aid the etiologic work-up

and have replaced conventional catheter angiography in many

circumstances. IV-rt-PA is the recommended first-line treatment

for eligible patients. The role of endovascular acute revascular-

ization therapy remains uncertain at present. The cornerstone
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of recurrent stroke prevention includes risk factor control pri-

marily blood-pressure lowering, lipid-lowering with statins, and

antithrombotic therapy. Aggressive medical management has been

shown to be superior to endovascular angioplasty and stenting

in patients with a range of intracranial atherostenosis including

lesions in the PC.

ACKNOWLEDGMENTS

We would like to thank Rania Nouh for providing us with the

illustration used for this article and Dr. José Biller for providing us

with Figures 2B, C and 3C.

REFERENCES

1. Gulli G, Marquardt L, Rothwell PM, Markus HS. Stroke risk after posterior

circulation stroke/transient ischemic attack and its relationship to site of verte-

brobasilar stenosis pooled data analysis from prospective studies. Stroke (2013)

44(3):598–604. doi:10.1161/STROKEAHA.112.669929

2. Labropoulos N, Nandivada P, Bekelis K. Stroke of the posterior cerebral circu-

lation. Int Angiol (2011) 30(2):105–14.

3. Caplan LR, Wityk RJ, Glass TA, Tapia J, Pazdera L, Chang HM, et al. New

England Medical Center posterior circulation registry. Ann Neurol (2004)

56(3):389–98. doi:10.1002/ana.20204

4. Hong JM, Chung CS, Bang OY, Yong SW, Joo IS, Huh K. Vertebral artery

dominance contributes to basilar artery curvature and peri-vertebrobasilar

junctional infarcts. J Neurol Neurosurg Psychiatry (2009) 80(10):1087–92.

doi:10.1136/jnnp.2008.169805

5. Perren F, Poglia D, Landis T, Sztajzel R. Vertebral artery hypoplasia a predis-

posing factor for posterior circulation stroke? Neurology (2007) 68(1):65–7.

doi:10.1212/01.wnl.0000250258.76706.98

6. van Raamt AF, Mali WP, van Laar PJ, van der Graaf Y. The fetal variant of the cir-

cle of Willis and its influence on the cerebral collateral circulation. Cerebrovasc

Dis (2006) 22(4):217–24. doi:10.1159/000094007

7. Consoli A, Cuccuini M, Lorenzini F, Bianchi A, Grazzini G, Scarpini G, et al.

Anatomical variations of the posterior circulation: case reports and a review of

literature. Ital J Anat Embryol (2012) 117(1):13–22.

8. Gao LY, Guo X, Zhou JJ, Zhang Q, Fu J, Chen WJ, et al. Basilar artery fen-

estration detected with CT angiography. Eur Radiol (2013) 23(10):2861–7.

doi:10.1007/s00330-013-2890-2

9. Griessenauer CJ, Loukas M, Tubbs RS, Cohen-Gadol AA. The artery of

Percheron: an anatomic study with potential neurosurgical and neuroendovas-

cular importance. Br J Neurosurg (2013) 28(1):81–5. doi:10.3109/02688697.

2013.812181

10. Lazzaro NA,Wright B, Castillo M, Fischbein NJ, Glastonbury CM, Hildenbrand

PG, et al. Artery of Percheron infarction: imaging patterns and clinical spec-

trum. AJNR Am J Neuroradiol (2010) 31(7):1283–9. doi:10.3174/ajnr.A2044

11. Förster A, Nölte I, Wenz H, Al-Zghloul M, Kerl HU, Brockmann MA, et al.

Anatomical variations in the posterior part of the circle of Willis and vas-

cular pathology in bilateral thalamic infarction. J Neuroimaging (2013).

doi:10.1111/jon.12022

12. Gossner J, Larsen J, Knauth M. Bilateral thalamic infarction – a rare mani-

festation of dural venous sinus thrombosis. Clin Imaging (2010) 34(2):134–7.

doi:10.1016/j.clinimag.2009.05.008

13. Spengos K, Wohrle JC, Tsivgoulis G, Stouraitis G, Vemmos K, Zis V. Bilat-

eral paramedian midbrain infarct: an uncommon variant of the “top of

the basilar” syndrome. J Neurol Neurosurg Psychiatry (2005) 76(5):742–3.

doi:10.1136/jnnp.2004.050146

14. Hegde AN, Mohan S, Lath N, Lim CT. Differential diagnosis for bilateral abnor-

malities of the basal ganglia and thalamus. Radiographics (2011) 31(1):5–30.

doi:10.1148/rg.311105041

15. Dijkshoorn ML. Is a fetal origin of the posterior cerebral artery a risk factor for

TIA or ischemic stroke? J Neurol (2008) 255(2):239–45. doi:10.1007/s00415-

008-0699-8

16. Martin-Schild S. Circle of Willis variants: fetal PCA. Stroke Res Treat (2013)

2013. doi:10.1155/2013/105937

17. Miralles M, Dolz JL, Cotillas J, Aldoma J, Santiso MA, Giménez A, et al. The

role of the circle of Willis in carotid occlusion: assessment with phase contrast

MR angiography and transcranial duplex. Eur J Vasc Endovasc Surg (1995)

10(4):424–30. doi:10.1016/S1078-5884(05)80164-9

18. Watanabe M, Takahashi A, Hashizume Y, Motegi Y, Furuse K. The correlation

between vertebral artery asymmetry and pontine infarction – an MR angiog-

raphy study. Rinsho Shinkeigaku (1992) 32(7):708.

19. Markus HS, van der Worp HB, Rothwell PM. Posterior circulation ischaemic

stroke and transient ischaemic attack: diagnosis, investigation, and secondary

prevention. Lancet Neurol (2013) 12(10):989–98. doi:10.1016/S1474-4422(13)

70211-4

20. Solberg LA, Eggen DA. Localization and sequence of development of ath-

erosclerotic lesions in the carotid and vertebral arteries. Circulation (1971)

43(5):711–24. doi:10.1161/01.CIR.43.5.711

21. Savitz SI, Caplan LR. Vertebrobasilar disease. N Engl J Med (2005)

352(25):2618–26. doi:10.1056/NEJMra041544

22. Caplan LR, Amarenco P, Rosengart A, Lafranchise EF, Teal PA, Belkin M, et al.

Embolism from vertebral artery origin occlusive disease. Neurology (1992)

42(8):1505–1505. doi:10.1212/WNL.42.8.1505

23. Carbone GL, Mauriello A, Christiansen M, Oxvig C, Spagnoli LG, Schwartz RS,

et al. Unstable carotid plaque: biochemical and cellular marker of vulnerability.

Ital Heart J Suppl (2003) 4(5):398.

24. Al-Ali F, Barrow T, Duan L, Jefferson A, Louis S, Luke K, et al. Vertebral artery

ostium atherosclerotic plaque as a potential source of posterior circulation

ischemic stroke result from Borgess Medical Center vertebral artery ostium

stenting registry. Stroke (2011) 42(9):2544–9. doi:10.1161/STROKEAHA.110.

610451

25. Qureshi AI, Caplan LR. Intracranial atherosclerosis. Lancet (2014)

383(9921):984–98. doi:10.1016/S0140-6736(13)61088-0

26. Derdeyn CP, Grubb RL, Powers WJ. Cerebral hemodynamic impairment

methods of measurement and association with stroke risk. Neurology (1999)

53(2):251–251. doi:10.1212/WNL.53.2.251

27. Lee JH, Han SJ, Yun YH, Choi HC, Jung S, Cho SJ, et al. Posterior circula-

tion ischemic stroke in Korean population. Eur J Neurol (2006) 13(7):742–8.

doi:10.1111/j.1468-1331.2006.01274.x

28. Moossy J. Pathology of cerebral atherosclerosis. Influence of age, race, and

gender. Stroke (1993) 24(12 Suppl):I22.

29. Passero SG, Rossi S. Natural history of vertebrobasilar dolichoectasia. Neurol-

ogy (2008) 70(1):66–72. doi:10.1212/01.wnl.0000286947.89193.f3

30. Wolters FJ, Rinkel GJ, Vergouwen MD. Clinical course and treatment of ver-

tebrobasilar dolichoectasia: a systematic review of the literature. Neurol Res

(2013) 35(2):131–7. doi:10.1179/1743132812Y.0000000149

31. Debette S, Grond-Ginsbach C, Bodenant M, Kloss M, Engelter S, Metso

T, et al. Differential features of carotid and vertebral artery dissections

the CADISP study. Neurology (2011) 77(12):1174–81. doi:10.1212/WNL.

0b013e31822f03fc

32. Putaala J, Metso AJ, Metso TM, Konkola N, Kraemer Y, Haapaniemi E, et al.

Analysis of 1008 consecutive patients aged 15 to 49 with first-ever ischemic

stroke the Helsinki young stroke registry. Stroke (2009) 40(4):1195–203.

doi:10.1161/STROKEAHA.108.529883

33. Yesilot Barlas N, Putaala J, Waje-Andreassen U, Vassilopoulou S, Nardi K,

Odier C, et al. Etiology of first-ever ischaemic stroke in European young

adults: the 15 cities young stroke study. Eur J Neurol (2013) 20(11):1431–9.

doi:10.1111/ene.12228

34. Singhal AB, Biller J, Elkind MS, Fullerton HJ, Jauch EC, Kittner SJ, et al. Recog-

nition and management of stroke in young adults and adolescents. Neurology

(2013) 81(12):1089–97. doi:10.1212/WNL.0b013e3182a4a451

35. Arnold M, Bousser MG, Fahrni G, Fischer U, Georgiadis D, Gandjour J,

et al. Vertebral artery dissection presenting findings and predictors of

outcome. Stroke (2006) 37(10):2499–503. doi:10.1161/01.STR.0000240493.

88473.39

36. Schievink WI. Spontaneous dissection of the carotid and vertebral arteries. N

Engl J Med (2001) 344(12):898–906. doi:10.1056/NEJM200103223441206

37. von Babo M, De Marchis GM, Sarikaya H, Stapf C, Buffon F, Fischer U,

et al. Differences and similarities between spontaneous dissections of the

internal carotid artery and the vertebral artery. Stroke (2013) 44(6):1537–42.

doi:10.1161/STROKEAHA.113.001057

38. Lichy C, Metso A, Pezzini A, Leys D, Metso T, Lyrer P, et al. Predictors of

delayed stroke in patients with cervical artery dissection. Int J Stroke (2012).

doi:10.1111/j.1747-4949.2012.00954.x

www.frontiersin.org April 2014 | Volume 5 | Article 30 | 13

http://dx.doi.org/10.1161/STROKEAHA.112.669929
http://dx.doi.org/10.1002/ana.20204
http://dx.doi.org/10.1136/jnnp.2008.169805
http://dx.doi.org/10.1212/01.wnl.0000250258.76706.98
http://dx.doi.org/10.1159/000094007
http://dx.doi.org/10.1007/s00330-013-2890-2
http://dx.doi.org/10.3109/02688697.2013.812181
http://dx.doi.org/10.3109/02688697.2013.812181
http://dx.doi.org/10.3174/ajnr.A2044
http://dx.doi.org/10.1111/jon.12022
http://dx.doi.org/10.1016/j.clinimag.2009.05.008
http://dx.doi.org/10.1136/jnnp.2004.050146
http://dx.doi.org/10.1148/rg.311105041
http://dx.doi.org/10.1007/s00415-008-0699-8
http://dx.doi.org/10.1007/s00415-008-0699-8
http://dx.doi.org/10.1155/2013/105937
http://dx.doi.org/10.1016/S1078-5884(05)80164-9
http://dx.doi.org/10.1016/S1474-4422(13)70211-4
http://dx.doi.org/10.1016/S1474-4422(13)70211-4
http://dx.doi.org/10.1161/01.CIR.43.5.711
http://dx.doi.org/10.1056/NEJMra041544
http://dx.doi.org/10.1212/WNL.42.8.1505
http://dx.doi.org/10.1161/STROKEAHA.110.610451
http://dx.doi.org/10.1161/STROKEAHA.110.610451
http://dx.doi.org/10.1016/S0140-6736(13)61088-0
http://dx.doi.org/10.1212/WNL.53.2.251
http://dx.doi.org/10.1111/j.1468-1331.2006.01274.x
http://dx.doi.org/10.1212/01.wnl.0000286947.89193.f3
http://dx.doi.org/10.1179/1743132812Y.0000000149
http://dx.doi.org/10.1212/WNL.0b013e31822f03fc
http://dx.doi.org/10.1212/WNL.0b013e31822f03fc
http://dx.doi.org/10.1161/STROKEAHA.108.529883
http://dx.doi.org/10.1111/ene.12228
http://dx.doi.org/10.1212/WNL.0b013e3182a4a451
http://dx.doi.org/10.1161/01.STR.0000240493.88473.39
http://dx.doi.org/10.1161/01.STR.0000240493.88473.39
http://dx.doi.org/10.1056/NEJM200103223441206
http://dx.doi.org/10.1161/STROKEAHA.113.001057
http://dx.doi.org/10.1111/j.1747-4949.2012.00954.x
http://www.frontiersin.org
http://www.frontiersin.org/Neurocritical_and_Neurohospitalist_Care/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nouh et al. Ischemic posterior circulation stroke review

39. Ramgren B, Cronqvist M, Romner B, Brandt L, Holtås S, Larsson EM. Ver-

tebrobasilar dissection with subarachnoid hemorrhage: a retrospective study

of 29 patients. Neuroradiology (2005) 47(2):97–104. doi:10.1007/s00234-005-

1346-z

40. Singhal AB. Cerebral vasoconstriction syndromes. Top Stroke Rehabil (2004)

11(2):1–6. doi:10.1310/ATK7-QTP7-7NE2-5G8X

41. Searls DE, Pazdera L, Korbel E, Vysata O, Caplan LR. Symptoms and signs of

posterior circulation ischemia in the new England Medical Center posterior

circulation registry. Arch Neurol (2012) 69(3):346–51. doi:10.1001/archneurol.

2011.2083

42. Akhtar N, Kamran SI, Deleu D, D’Souza A, Miyares F, Elsotouhy A, et al.

Ischaemic posterior circulation stroke in State of Qatar. Eur J Neurol (2009)

16:1004–9. doi:10.1111/j.1468-1331.2009.02709.x

43. Ausman JI, Shrontz CE, Pearce JE, Diaz FG, Crecelius JL. Vertebrobasilar insuf-

ficiency: a review. Arch Neurol (1985) 42(8):803. doi:10.1001/archneur.1985.

04210090071021

44. Mattle HP, Arnold M, Lindsberg PJ, Schonewille WJ, Schroth G. Basilar artery

occlusion. Lancet Neurol (2011) 10(11):1002–14. doi:10.1016/S1474-4422(11)

70229-0

45. Saposnik G, Noel de Tilly L, Caplan LR. Pontine warning syndrome. Arch Neu-

rol (2008) 65(10):1375. doi:10.1001/archneur.65.10.1375

46. Hennerici M, Klemm C, Rautenberg W. The subclavian steal phenomenon

A common vascular disorder with rare neurologic deficits. Neurology (1988)

38(5):669–669. doi:10.1212/WNL.38.5.669

47. Labropoulos N, Nandivada P, Bekelis K. Prevalence and impact of the sub-

clavian steal syndrome. Ann Surg (2010) 252(1):166–70. doi:10.1097/SLA.

0b013e3181e3375a

48. Koonce JD, Neal MT, Heck D, Wilson JA, Morris PP. Angiographic assessment

of rotational vertebral artery syndrome (bow hunter’s syndrome): a case series.

Neurographics (2013) 3(2):100–7. doi:10.3174/ng.2130056

49. Sarkar J, Wolfe SQ, Ching BH, Kellicut DC. Bow hunter’s syndrome causing

vertebrobasilar insufficiency in a young male with neck muscle hypertrophy:

a case report and literature review. Ann Vasc Surg (2013). doi:10.1016/j.avsg.

2013.06.038

50. Schneider JI, Olshaker JS. Vertigo, vertebrobasilar disease, and posterior cir-

culation ischemic stroke. Emerg Med Clin North Am (2012) 30(3):681–93.

doi:10.1016/j.emc.2012.06.004

51. Kerber KA, Brown DL, Lisabeth LD, Smith MA, Morgenstern LB. Stroke among

patients with dizziness, vertigo, and imbalance in the emergency department

a population-based study. Stroke (2006) 37(10):2484–7. doi:10.1161/01.STR.

0000240329.48263.0d

52. Lee H, Sohn SI, Cho YW, Lee SR, Ahn BH, Park BR, et al. Cerebellar infarc-

tion presenting isolated vertigo frequency and vascular topographical patterns.

Neurology (2006) 67(7):1178–83. doi:10.1212/01.wnl.0000238500.02302.b4

53. Caplan LR. Dizziness: how do patients describe dizziness and how do emer-

gency physicians use these descriptions for diagnosis? Mayo Clinic Proceedings,

Vol. 82. Boston, MA: Elsevier (2007). p. 1313–5. doi:10.4065/82.11.1313

54. Delaney KA. Bedside diagnosis of vertigo: value of the history and neurologi-

cal examination. Acad Emerg Med (2003) 10(12):1388–95. doi:10.1111/j.1553-

2712.2003.tb00015.x

55. Kattah JC, Talkad AV, Wang DZ, Hsieh YH, Newman-Toker DE. HINTS to

diagnose stroke in the acute vestibular syndrome three-step bedside oculomo-

tor examination more sensitive than early MRI diffusion-weighted imaging.

Stroke (2009) 40(11):3504–10. doi:10.1161/STROKEAHA.109.551234

56. Deluca C, Moretto G, Di Matteo A, Cappellari M, Basile A, Bonifati DM, et al.

Ataxia in posterior circulation stroke: clinical-MRI correlations. J Neurol Sci

(2011) 300(1):39–46. doi:10.1016/j.jns.2010.10.005

57. Kase CS, Norrving BO, Levine SR, Babikian VL, Chodosh EH, Wolf PA, et al.

Cerebellar infarction. Clinical and anatomic observations in 66 cases. Stroke

(1993) 24(1):76–83. doi:10.1161/01.STR.24.1.76

58. Moulin T, Bogousslavsky J, Chopard JL, Ghika J, Crépin-Leblond T, Martin V,

et al. Vascular ataxic hemiparesis: a re-evaluation. J Neurol Neurosurg Psychiatry

(1995) 58(4):422–7. doi:10.1136/jnnp.58.4.422

59. Savitz SI, Caplan LR, Edlow JA. Pitfalls in the diagnosis of cerebellar infarction.

Acad Emerg Med (2007) 14(1):63–8. doi:10.1111/j.1553-2712.2007.tb00373.x

60. Vestergaard K, Andersen G, Nielsen MI, Jensen TS. Headache in stroke. Stroke

(1993) 24(11):1621–4. doi:10.1161/01.STR.24.11.1621

61. Bryan RN, Levy LM, Whitlow WD, Killian JM, Preziosi TJ, Rosario JA. Diag-

nosis of acute cerebral infarction: comparison of CT and MR imaging. AJNR

Am J Neuroradiol (1991) 12(4):611–20.

62. Barber PA, Demchuk AM, Zhang J, Buchan AM. Validity and reliability of

a quantitative computed tomography score in predicting outcome of hyper-

acute stroke before thrombolytic therapy. Lancet (2000) 355(9216):1670–4.

doi:10.1016/S0140-6736(00)02237-6

63. Pexman JW, Barber PA, Hill MD, Sevick RJ, Demchuk AM, Hudon ME, et al.

Use of the Alberta Stroke Program Early CT Score (ASPECTS) for assess-

ing CT scans in patients with acute stroke. AJNR Am J Neuroradiol (2001)

22(8):1534–42.

64. De Marchis GM, Kohler A, Renz N, Arnold M, Mono ML, Jung S, et al. Pos-

terior versus anterior circulation strokes: comparison of clinical, radiological

and outcome characteristics. J Neurol Neurosurg Psychiatry (2011) 82(1):33–7.

doi:10.1136/jnnp.2010.211151

65. Puetz V, Sylaja PN, Coutts SB, Hill MD, Dzialowski I, Mueller P, et al. Extent

of hypoattenuation on CT angiography source images predicts functional out-

come in patients with basilar artery occlusion. Stroke (2008) 39(9):2485–90.

doi:10.1161/STROKEAHA.107.511162

66. Linfante I, Llinas RH, Schlaug G, Chaves C, Warach S, Caplan LR. Diffusion-

weighted imaging and National Institutes of Health Stroke Scale in the

acute phase of posterior-circulation stroke. Arch Neurol (2001) 58(4):621.

doi:10.1001/archneur.58.4.621

67. Engelter ST, Wetzel SG, Radue EW, Rausch M, Steck AJ, Lyrer PA. The clin-

ical significance of diffusion-weighted MR imaging in infratentorial strokes.

Neurology (2004) 62(4):574–80. doi:10.1212/01.WNL.0000110310.48162.F7

68. Tei H, Uchiyama S, Usui T, Ohara K. Posterior circulation ASPECTS on

diffusion-weighted MRI can be a powerful marker for predicting functional

outcome. J Neurol (2010) 257(5):767–73. doi:10.1007/s00415-009-5406-x

69. Oppenheim C, Stanescu R, Dormont D, Crozier S, Marro B, Samson Y, et al.

False-negative diffusion-weighted MR findings in acute ischemic stroke. AJNR

Am J Neuroradiol (2000) 21(8):1434–40.

70. Goldmakher GV, Camargo EC, Furie KL, Singhal AB, Roccatagliata L, Halpern

EF, et al. Hyperdense basilar artery sign on unenhanced CT predicts thrombus

and outcome in acute posterior circulation stroke. Stroke (2009) 40(1):134–9.

doi:10.1161/STROKEAHA.108.516690

71. Khan S, Rich P, Clifton A, Markus HS. Noninvasive detection of vertebral artery

stenosis a comparison of contrast-enhanced MR angiography, CT angiography,

and ultrasound. Stroke (2009) 40(11):3499–503. doi:10.1161/STROKEAHA.

109.556035

72. Bartels E, Flügel KA. Evaluation of extracranial vertebral artery dissection with

duplex color-flow imaging. Stroke (1996) 27(2):290–5. doi:10.1161/01.STR.27.

2.290

73. Phan T, Huston J, Bernstein MA, Riederer SJ, Brown RD. Contrast-enhanced

magnetic resonance angiography of the cervical vessels experience with 422

patients. Stroke (2001) 32(10):2282–6. doi:10.1161/hs1001.096046

74. Auer A, Felber S, Schmidauer C, Waldenberger P, Aichner F. Magnetic reso-

nance angiographic and clinical features of extracranial vertebral artery dissec-

tion. J Neurol Neurosurg Psychiatry (1998) 64(4):474–81. doi:10.1136/jnnp.64.

4.474

75. Vertinsky AT, Schwartz NE, Fischbein NJ, Rosenberg J, Albers GW, Zaharchuk

G. Comparison of multidetector CT angiography and MR imaging of cervical

artery dissection. AJNR Am J Neuroradiol (2008) 29(9):1753–60. doi:10.3174/

ajnr.A1189

76. Thevenet A, Ruotolo C. Surgical repair of vertebral artery stenoses. J Cardiovasc

Surg (1984) 25(2):101.

77. Law MM, Colburn MD, Moore WS, Quiñones-Baldrich WJ, Machleder HI,

Gelabert HA. Carotid-subclavian bypass for brachiocephalic occlusive dis-

ease choice of conduit and long-term follow-up. Stroke (1995) 26(9):1565–71.

doi:10.1161/01.STR.26.9.1565

78. Wittwer T,Wahlers T, Dresler C, Haverich A. Carotid-subclavian bypass for sub-

clavian artery revascularization: long-term follow-up and effect of antiplatelet

therapy. Angiology (1998) 49(4):279–87. doi:10.1177/000331979804900406

79. AbuRahma AF, Robinson PA, Jennings TG. Carotid-subclavian bypass grafting

with polytetrafluoroethylene grafts for symptomatic subclavian artery stenosis

or occlusion: a 20-year experience. J Vasc Surg (2000) 32(3):411–9; discussion

418–9. doi:10.1067/mva.2000.108644

Frontiers in Neurology | Neurocritical and Neurohospitalist Care April 2014 | Volume 5 | Article 30 | 14

http://dx.doi.org/10.1007/s00234-005-1346-z
http://dx.doi.org/10.1007/s00234-005-1346-z
http://dx.doi.org/10.1310/ATK7-QTP7-7NE2-5G8X
http://dx.doi.org/10.1001/archneurol.2011.2083
http://dx.doi.org/10.1001/archneurol.2011.2083
http://dx.doi.org/10.1111/j.1468-1331.2009.02709.x
http://dx.doi.org/10.1001/archneur.1985.04210090071021
http://dx.doi.org/10.1001/archneur.1985.04210090071021
http://dx.doi.org/10.1016/S1474-4422(11)70229-0
http://dx.doi.org/10.1016/S1474-4422(11)70229-0
http://dx.doi.org/10.1001/archneur.65.10.1375
http://dx.doi.org/10.1212/WNL.38.5.669
http://dx.doi.org/10.1097/SLA.0b013e3181e3375a
http://dx.doi.org/10.1097/SLA.0b013e3181e3375a
http://dx.doi.org/10.3174/ng.2130056
http://dx.doi.org/10.1016/j.avsg.2013.06.038
http://dx.doi.org/10.1016/j.avsg.2013.06.038
http://dx.doi.org/10.1016/j.emc.2012.06.004
http://dx.doi.org/10.1161/01.STR.0000240329.48263.0d
http://dx.doi.org/10.1161/01.STR.0000240329.48263.0d
http://dx.doi.org/10.1212/01.wnl.0000238500.02302.b4
http://dx.doi.org/10.4065/82.11.1313
http://dx.doi.org/10.1111/j.1553-2712.2003.tb00015.x
http://dx.doi.org/10.1111/j.1553-2712.2003.tb00015.x
http://dx.doi.org/10.1161/STROKEAHA.109.551234
http://dx.doi.org/10.1016/j.jns.2010.10.005
http://dx.doi.org/10.1161/01.STR.24.1.76
http://dx.doi.org/10.1136/jnnp.58.4.422
http://dx.doi.org/10.1111/j.1553-2712.2007.tb00373.x
http://dx.doi.org/10.1161/01.STR.24.11.1621
http://dx.doi.org/10.1016/S0140-6736(00)02237-6
http://dx.doi.org/10.1136/jnnp.2010.211151
http://dx.doi.org/10.1161/STROKEAHA.107.511162
http://dx.doi.org/10.1001/archneur.58.4.621
http://dx.doi.org/10.1212/01.WNL.0000110310.48162.F7
http://dx.doi.org/10.1007/s00415-009-5406-x
http://dx.doi.org/10.1161/STROKEAHA.108.516690
http://dx.doi.org/10.1161/STROKEAHA.109.556035
http://dx.doi.org/10.1161/STROKEAHA.109.556035
http://dx.doi.org/10.1161/01.STR.27.2.290
http://dx.doi.org/10.1161/01.STR.27.2.290
http://dx.doi.org/10.1161/hs1001.096046
http://dx.doi.org/10.1136/jnnp.64.4.474
http://dx.doi.org/10.1136/jnnp.64.4.474
http://dx.doi.org/10.3174/ajnr.A1189
http://dx.doi.org/10.3174/ajnr.A1189
http://dx.doi.org/10.1161/01.STR.26.9.1565
http://dx.doi.org/10.1177/000331979804900406
http://dx.doi.org/10.1067/mva.2000.108644
http://www.frontiersin.org/Neurocritical_and_Neurohospitalist_Care
http://www.frontiersin.org/Neurocritical_and_Neurohospitalist_Care/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nouh et al. Ischemic posterior circulation stroke review

80. Matsuyama T, Morimoto T, Sakaki T. Comparison of C1-2 posterior fusion

and decompression of the vertebral artery in the treatment of bow hunter’s

stroke. J Neurosurg (1997) 86(4):619–23. doi:10.3171/jns.1997.86.4.0619

81. Chimowitz MI, Lynn MJ, Derdeyn CP, Turan TN, Fiorella D, Lane BF, et al.

SAMMPRIS trial investigators. Stenting versus aggressive medical therapy

for intracranial arterial stenosis. N Engl J Med (2011) 365(11):993–1003.

doi:10.1056/NEJMoa1105335

82. Wang Y, Wang Y, Zhao X, Liu L, Wang D, Wang C, et al. Clopidogrel with

aspirin in acute minor stroke or transient ischemic attack. N Engl J Med (2013)

369(1):11–9. doi:10.1056/NEJMoa1215340

83. Coward LJ, McCabe DJ, Ederle J, Featherstone RL, Clifton A, Brown MM. Long-

term outcome after angioplasty and stenting for symptomatic vertebral artery

stenosis compared with medical treatment in the Carotid and Vertebral Artery

Transluminal Angioplasty Study (CAVATAS) a randomized trial. Stroke (2007)

38(5):1526–30. doi:10.1161/STROKEAHA.106.471862

84. Stayman AN, Nogueira RG, Gupta R. A systematic review of stenting and

angioplasty of symptomatic extracranial vertebral artery stenosis. Stroke (2011)

42(8):2212–6. doi:10.1161/STROKEAHA.110.611459

85. Lutsep HL, Barnwell S, Mawad M, Chiu D, Hartmann M, Hacke W, et al. Stent-

ing of symptomatic atherosclerotic lesions in the vertebral or intracranial arter-

ies (SSYLVIA) study results. Stroke (2004) 35(6):1388–92. doi:10.1161/01.STR.

0000128708.86762.d6

86. Derdeyn CP, Chimowitz MI, Lynn MJ, Fiorella D, Turan TN, Janis LS, et al.

Aggressive medical treatment with or without stenting in high-risk patients

with intracranial artery stenosis (SAMMPRIS): the final results of a randomised

trial. Lancet (2014) 383(9914):333–41. doi:10.1016/S0140-6736(13)62038-3

87. Derdeyn CP, Fiorella D, Lynn MJ, Rumboldt Z, Cloft HJ, Gibson D, et al. Mech-

anisms of Stroke after intracranial angioplasty and stenting in the SAMMPRIS

trial. Neurosurgery (2013) 72(5):777–95. doi:10.1227/NEU.0b013e318286fdc8

88. Passero SG, Calchetti B, Bartalini S. Intracranial bleeding in patients with ver-

tebrobasilar dolichoectasia. Stroke (2005) 36(7):1421–5. doi:10.1161/01.STR.

0000172311.64662.9c

89. Furie KL, Goldstein LB, Albers GW, Khatri P, Neyens R, Turakhia MP,

et al. Oral antithrombotic agents for the prevention of stroke in nonva-

lvular atrial fibrillation a science advisory for healthcare professionals from

the American Heart Association/American Stroke Association. Stroke (2012)

43(12):3442–53. doi:10.1161/STR.0b013e318266722a

90. Sato S, Toyoda K, Uehara T, Toratani N, Yokota C, Moriwaki H, et al. Base-

line NIH Stroke Scale Score predicting outcome in anterior and posterior cir-

culation strokes. Neurology (2008) 70(24 Pt 2):2371–7. doi:10.1212/01.wnl.

0000304346.14354.0b

91. NINDS X. The National Institute of Neurological Disorders and Stroke rt-PA

Stroke Study Group. Tissue plasminogen activator for acute ischemic stroke.

N Engl J Med (1995) 333(24):1581–7.

92. Hacke W,Kaste M,Bluhmki E,Brozman M,Dávalos A,Guidetti D,et al. Throm-

bolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med

(2008) 359:1317–29. doi:10.1056/NEJMoa0804656

93. Sandercock P, Wardlaw JM, Dennis M, Cohen G, Murray G, Innes K, et al.

Effect of thrombolysis with alteplase within 6 h of acute ischaemic stroke on

long-term outcomes (the third International Stroke Trial [IST-3]): 18-month

follow-up of a randomised controlled trial. Lancet Neurol (2013) 12(8):768–76.

doi:10.1016/S1474-4422(13)70130-3

94. DIAS4. Efficacy and Safety Study of Desmoteplase to Treat Acute Ischemic Stroke

(DIAS4). Available from: http://clinicaltrials.gov/ct2/show/NCT00856661

95. Parsons M, Spratt N, Bivard A, Campbell B, Chung K, Miteff F, et al. A ran-

domized trial of tenecteplase versus alteplase for acute ischemic stroke. N Engl

J Med (2012) 366(12):1099–107. doi:10.1056/NEJMoa1109842

96. Lindsberg PJ, Mattle HP. Therapy of basilar artery occlusion a systematic

analysis comparing intra-arterial and intravenous thrombolysis. Stroke (2006)

37(3):922–8. doi:10.1161/01.STR.0000202582.29510.6b

97. Macleod MR, Davis SM, Mitchell PJ, Gerraty RP, Fitt G, Hankey GJ, et al.

Results of a multicentre, randomised controlled trial of intra-arterial urokinase

in the treatment of acute posterior circulation ischaemic stroke. Cerebrovasc

Dis (2005) 20(1):12–7. doi:10.1159/000086121

98. Strbian D, Sairanen T, Silvennoinen H, Salonen O, Kaste M, Lindsberg PJ.

Thrombolysis of basilar artery occlusion: impact of baseline ischemia and time.

Ann Neurol (2013) 73(6):688–94. doi:10.1002/ana.23904

99. Miyagi T, Koga M, Shiokawa Y, Nakagawara J, Hasegawa Y, Furui E, et al.

Intravenous alteplase at 0.6 mg/kg for acute stroke patients with basilar

artery occlusion: the stroke acute management with urgent risk factor

assessment and improvement (SAMURAI) recombinant tissue plasminogen

activator registry. J Stroke Cerebrovasc Dis (2013) 22(7):1098–106. doi:10.1016/

j.jstrokecerebrovasdis.2012.08.013

100. Hacke W, Zeumer H, Ferbert A, Brückmann H, del Zoppo GJ. Intra-arterial

thrombolytic therapy improves outcome in patients with acute vertebrobasi-

lar occlusive disease. Stroke (1988) 19(10):1216–22. doi:10.1161/01.STR.19.10.

1216

101. Furlan A, Higashida R, Wechsler L, Gent M, Rowley H, Kase C, et al. Intra-

arterial prourokinase for acute ischemic stroke. The PROACT II study: a ran-

domized controlled trial. JAMA (1999) 282(21):2003–11. doi:10.1001/jama.

282.21.2003

102. Rha J-H, Saver JL. The impact of recanalization on ischemic stroke outcome:

a meta-analysis. Stroke (2007) 38(3):967–73. doi:10.1161/01.STR.0000258112.

14918.24

103. Schonewille WJ, Wijman CA, Michel P, Rueckert CM, Weimar C, Mattle HP,

et al. Treatment and outcomes of acute basilar artery occlusion in the Basilar

Artery International Cooperation Study (BASICS): a prospective registry study.

Lancet Neurol (2009) 8(8):724–30. doi:10.1016/S1474-4422(09)70173-5

104. Jauch EC, Saver JL, Adams HP, Bruno A, Demaerschalk BM, Khatri P,

et al. Guidelines for the early management of patients with acute ischemic

stroke a guideline for healthcare professionals from the American Heart

Association/American Stroke Association. Stroke (2013) 44(3):870–947. doi:

10.1161/STR.0b013e318284056a

105. Smith WS, Sung G, Starkman S, Saver JL, Kidwell CS, Gobin YP, et al. Safety

and efficacy of mechanical embolectomy in acute ischemic stroke results of

the MERCI trial. Stroke (2005) 36(7):1432–8. doi:10.1161/01.STR.0000171066.

25248.1d

106. Bose A, Henkes H, Alfke K, Reith W, Mayer TE, Berlis A, et al. The Penumbra

System: a mechanical device for the treatment of acute stroke due to throm-

boembolism. AJNR Am J Neuroradiol (2008) 29:1409–13. doi:10.3174/ajnr.

A1110

107. Langer D, Alexander M, Janardhan V, Hartmann M, Jansen O, Sit SP, et al.

The penumbra pivotal stroke trial safety and effectiveness of a new generation

of mechanical devices for clot removal in intracranial large vessel occlusive

disease. Stroke (2009) 40(8):2761–8. doi:10.1161/STROKEAHA.108.544957

108. Beadell NC, Lutsep H. New stent retriever devices. Curr Atheroscler Rep (2013)

15(6):1–6. doi:10.1007/s11883-013-0333-9

109. Smith WS, Sung G, Saver J, Budzik R, Duckwiler G, Liebeskind DS, et al.

Mechanical thrombectomy for acute ischemic stroke final results of the multi

MERCI trial. Stroke (2008) 39(4):1205–12. doi:10.1161/STROKEAHA.107.

497115

110. Broderick JP, Palesch YY, Demchuk AM, Yeatts SD, Khatri P, Hill MD, et al.

Endovascular therapy after intravenous t-PA versus t-PA alone for stroke. N

Engl J Med (2013) 368(10):893–903. doi:10.1056/NEJMoa1214300

111. Ciccone A, Valvassori L, Nichelatti M, Sgoifo A, Ponzio M, Sterzi R, et al.

Endovascular treatment for acute ischemic stroke. N Engl J Med (2013)

368(10):904–13. doi:10.1056/NEJMoa1213701

112. Kidwell CS, Jahan R, Gornbein J, Alger JR, Nenov V, Ajani Z, et al. A trial of

imaging selection and endovascular treatment for ischemic stroke. N Engl J

Med (2013) 368(10):914–23. doi:10.1056/NEJMoa1212793

113. Chimowitz MI. Endovascular treatment for acute ischemic stroke: still

unproven. N Engl J Med (2013) 368(10):952–5. doi:10.1056/NEJMe1215730

114. Engelter ST, Brandt T, Debette S, Caso V, Lichy C, Pezzini A, et al.

Antiplatelets versus anticoagulation in cervical artery dissection. Stroke (2007)

38(9):2605–11. doi:10.1161/STROKEAHA.107.489666

115. CADISS. Available from: http://www.sgul.ac.uk/research/centres/sd/

ongoing-projects/cadiss

116. Ahn JY, Han IB, Kim TG, Yoon PH, Lee YJ, Lee BH, et al. Endovascular treat-

ment of intracranial vertebral artery dissections with stent placement or stent-

assisted coiling. AJNR Am J Neuroradiol (2006) 27(7):1514–20.

117. Pfefferkorn T, Eppinger U, Linn J, Birnbaum T, Herzog J, Straube A, et al. Long-

term outcome after suboccipital decompressive craniectomy for malignant

cerebellar infarction. Stroke (2009) 40(9):3045–50. doi:10.1161/STROKEAHA.

109.550871

www.frontiersin.org April 2014 | Volume 5 | Article 30 | 15

http://dx.doi.org/10.3171/jns.1997.86.4.0619
http://dx.doi.org/10.1056/NEJMoa1105335
http://dx.doi.org/10.1056/NEJMoa1215340
http://dx.doi.org/10.1161/STROKEAHA.106.471862
http://dx.doi.org/10.1161/STROKEAHA.110.611459
http://dx.doi.org/10.1161/01.STR.0000128708.86762.d6
http://dx.doi.org/10.1161/01.STR.0000128708.86762.d6
http://dx.doi.org/10.1016/S0140-6736(13)62038-3
http://dx.doi.org/10.1227/NEU.0b013e318286fdc8
http://dx.doi.org/10.1161/01.STR.0000172311.64662.9c
http://dx.doi.org/10.1161/01.STR.0000172311.64662.9c
http://dx.doi.org/10.1161/STR.0b013e318266722a
http://dx.doi.org/10.1212/01.wnl.0000304346.14354.0b
http://dx.doi.org/10.1212/01.wnl.0000304346.14354.0b
http://dx.doi.org/10.1056/NEJMoa0804656
http://dx.doi.org/10.1016/S1474-4422(13)70130-3
http://clinicaltrials.gov/ct2/show/NCT00856661
http://dx.doi.org/10.1056/NEJMoa1109842
http://dx.doi.org/10.1161/01.STR.0000202582.29510.6b
http://dx.doi.org/10.1159/000086121
http://dx.doi.org/10.1002/ana.23904
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2012.08.013
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2012.08.013
http://dx.doi.org/10.1161/01.STR.19.10.1216
http://dx.doi.org/10.1161/01.STR.19.10.1216
http://dx.doi.org/10.1001/jama.282.21.2003
http://dx.doi.org/10.1001/jama.282.21.2003
http://dx.doi.org/10.1161/01.STR.0000258112.14918.24
http://dx.doi.org/10.1161/01.STR.0000258112.14918.24
http://dx.doi.org/10.1016/S1474-4422(09)70173-5
http://dx.doi.org/10.1161/STR.0b013e318284056a
http://dx.doi.org/10.1161/01.STR.0000171066.25248.1d
http://dx.doi.org/10.1161/01.STR.0000171066.25248.1d
http://dx.doi.org/10.3174/ajnr.A1110
http://dx.doi.org/10.3174/ajnr.A1110
http://dx.doi.org/10.1161/STROKEAHA.108.544957
http://dx.doi.org/10.1007/s11883-013-0333-9
http://dx.doi.org/10.1161/STROKEAHA.107.497115
http://dx.doi.org/10.1161/STROKEAHA.107.497115
http://dx.doi.org/10.1056/NEJMoa1214300
http://dx.doi.org/10.1056/NEJMoa1213701
http://dx.doi.org/10.1056/NEJMoa1212793
http://dx.doi.org/10.1056/NEJMe1215730
http://dx.doi.org/10.1161/STROKEAHA.107.489666
http://www.sgul.ac.uk/research/centres/sd/ongoing-projects/cadiss
http://www.sgul.ac.uk/research/centres/sd/ongoing-projects/cadiss
http://dx.doi.org/10.1161/STROKEAHA.109.550871
http://dx.doi.org/10.1161/STROKEAHA.109.550871
http://www.frontiersin.org
http://www.frontiersin.org/Neurocritical_and_Neurohospitalist_Care/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nouh et al. Ischemic posterior circulation stroke review

118. Tsitsopoulos PP, Tobieson L, Enblad P, Marklund N. Surgical treatment of

patients with unilateral cerebellar infarcts: clinical outcome and prognostic fac-

tors. Acta Neurochir (2011) 153(10):2075–83. doi:10.1007/s00701-011-1120-4

119. Mostofi K. Neurosurgical management of massive cerebellar infarct outcome

in 53 patients. Surg Neurol Int (2013) 4. doi:10.4103/2152-7806.107906

120. Sadoughi A, Rybinnik I, Cohen R. Measurement and management of increased

intracranial pressure. Open Crit Care Med J (2013) 6(1):56–65. doi:10.2174/

1874828701306010056

Conflict of Interest Statement: The authors declare that the research was conducted

in the absence of any commercial or financial relationships that could be construed

as a potential conflict of interest.

Received: 15 November 2013; accepted: 04 March 2014; published online: 07 April 2014.

Citation: Nouh A, Remke J and Ruland S (2014) Ischemic posterior circulation stroke:

a review of anatomy, clinical presentations, diagnosis, and current management. Front.

Neurol. 5:30. doi: 10.3389/fneur.2014.00030

This article was submitted to Neurocritical and Neurohospitalist Care, a section of the

journal Frontiers in Neurology.

Copyright © 2014 Nouh, Remke and Ruland. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use, dis-

tribution or reproduction in other forums is permitted, provided the original author(s)

or licensor are credited and that the original publication in this journal is cited, in

accordance with accepted academic practice. No use, distribution or reproduction is

permitted which does not comply with these terms.

Frontiers in Neurology | Neurocritical and Neurohospitalist Care April 2014 | Volume 5 | Article 30 | 16

http://dx.doi.org/10.1007/s00701-011-1120-4
http://dx.doi.org/10.4103/2152-7806.107906
http://dx.doi.org/10.2174/1874828701306010056
http://dx.doi.org/10.2174/1874828701306010056
http://dx.doi.org/10.3389/fneur.2014.00030
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Neurocritical_and_Neurohospitalist_Care
http://www.frontiersin.org/Neurocritical_and_Neurohospitalist_Care/archive

	Ischemic posterior circulation stroke: a review of anatomy, clinical presentations, diagnosis, and current management
	Defining the posterior circulation
	Anatomical variants of the posterior circulation and clinical significance
	Artery of percheron
	Incomplete circle of Willis and the fetal PCA
	Anatomical variations of the vertebral arteries

	Etiologies of ischemic posterior circulation stroke
	Atherosclerosis
	Cardioembolism
	Variations in PC stroke etiology
	Vertebrobasilar dolichoectasia
	Arterial dissection
	Other etiologies and associations

	Clinical presentations of posterior circulation stroke
	Common symptoms of posterior circulation stroke
	Natural history of posterior circulation ischemia
	Non-specific symptoms of posterior circulation ischemia
	Dizziness and vertigo
	Ataxia
	Headache

	Neuroimaging in PC stroke
	Management
	Management of vertebrobasilar atherosclerotic disease
	Management of vertebrobasilar dolichoectasia
	Management of cardioembolic PC stroke
	Management of acute PC stroke
	Intravenous thrombolysis
	Intra-arterial fibrinolysis
	Mechanical thrombectomy
	Management of vertebrobasilar dissections
	Post stroke considerations for the posterior fossa

	Conclusion
	Acknowledgments
	References


