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Large vessel occlusions (LVOs), variably defined as blockages of the proximal intracranial
anterior and posterior circulation, account for approximately 24% to 46%of acute ischemic
strokes. Commonly refractory to intravenous tissue plasminogen activator (tPA), LVOs
place large cerebral territories at ischemic risk and cause high rates of morbidity and
mortality without further treatment. Over the past few years, an abundance of high-
quality data has demonstrated the efficacy of endovascular thrombectomy for improving
clinical outcomes in patients with LVOs, transforming the treatment algorithm for affected
patients. In this review,wediscuss the epidemiology, pathophysiology, natural history, and
clinical presentation of LVOs as a framework for understanding the recent clinical strides
of the endovascular era.
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D espite some terminological variations,
acute blockages of the intracranial
internal carotid artery (ICA), proximal

posterior, middle, and anterior cerebral
arteries (PCA, MCA, and ACA, respectively),
intracranial vertebral artery (VA), and/or basilar
artery (BA) are commonly referred to as large
vessel occlusions (LVOs).1-3 Accounting for
up to 46% of acute ischemic strokes (AISs),
LVOs possess outsized clinical importance as
they more than doubled the risk of death or
dependence as compared to non-LVO AISs
in the pre-endovascular era.1,4 Over the past
several years, multiple randomized-controlled
trials (RCTs) have established the efficacy of
endovascular thrombectomy for improving
outcomes following LVO, initially in selected
symptomatic patients presenting within 6 hr
of stroke onset,5-11 and more recently in
patients up to 24 hr from last known normal

ABBREVIATIONS: ACA, anterior cerebral arteries;
AHA, American Heart Association; AIS, acute
ischemic stroke; ASA, American Stroke Association;
BA, basilar artery; ICA, intracranial internal carotid
artery; LVO, large vessel occlusions; MCA, middle
cerebral arteries; mRS, modified Rankin Scale;
NIHSS, National Institutes of Health Stroke Scale;
PCA, posterior cerebral arteries; RCT, randomized-
controlled trial; TIA, transient ischemic attack; tPA,
tissue-plasminogen activator; VA, vertebral artery

with favorable preprocedural imaging.12,13
Knowledge of the epidemiology, pathophysi-
ology, natural history, and clinical presentation
of patients with LVOs, as provided in this
succinct review, is crucial to understanding the
recent paradigm shift in the treatment of this
patient population.14

EPIDEMIOLOGYOF STROKE AND
LVO

Stroke Epidemiology
Although most epidemiological data combine

ischemic and hemorrhagic (including both intra-
parenchymal hemorrhages and subarachnoid
hemorrhages) cerebrovascular disease under the
umbrella term stroke, the vast majority of strokes
(87%) are ischemic in nature.15 This combined
data thus provides a reasonable starting point
for understanding the epidemiology of AISs
and the included subgroup of LVOs. Reported
risk factors for strokes are similar to general
cardiovascular disease and include hypertension,
diabetes mellitus, atrial fibrillation, elevated
cholesterol and lipid levels, smoking/tobacco
use, physical inactivity, poor nutrition, kidney
disease, and a family history/genetic predispo-
sition.15 Females,racial/ethnic minorities, and
those with low educational background are
also disproportionately affected by strokes.15,16
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Within the US, the prevalence of stroke is approximately 2.7%
in people 20 yr of age or older (7.2 million total people), and
increases with age to more than 6% and 13% in people over 60
and 80 yr of age, respectively.15 The annual incidence of new or
recurrent strokes in the US is nearly 800 000.15 Although stroke
mortality rates have declined over the past several decades due to
advancements in prevention, diagnosis, and treatment, more than
140 000 people still die annually in the US from strokes, which
makes it the fifth leading cause of death.15 Strokes also remain
a significant cause of serious long-term disability, with associated
annual direct and indirect costs estimated at more than 40 billion
dollars in the US alone.15 Globally, the prevalence and annual
incidence of stroke are more than 42 million and 16 million
people, respectively, and stroke remains the second leading cause
of mortality, being responsible for 6.3 million deaths annually.15

LVO Epidemiology
Interpretation of epidemiological data on LVOs is confounded

by variations in terminology. While LVOs were largely defined
as occlusions of the intracranial ICA or M1 (first segment of
the MCA) in the initial wave of RCTs determining the efficacy
of thrombectomy,5-9 a subset of these studies also included M2
(second segment of the MCA) and A1 or A2 (first or second
segment of the ACA) blockages.5,8 Subsequent studies have also
demonstrated the potential utility of thrombectomy for occlu-
sions in the posterior circulation (BA and PCA), and more
distal in the anterior circulation tree (M3, third segment of the
MCA),10,17 with variations in the terminology used to describe
such occlusions.
When defined as blockages in the intracranial ICA, M1, M2,

A1, intracranial VA, P1, or BA (Table 1), LVOs are estimated
to account for 24% to 38% of AISs,1,2 with this number
increasing to 46%with the inclusion of the A2 and P2 segments.4
LVOs represent a clinically significant subpopulation of AISs
due to their disproportionate morbidity and mortality without
treatment and the potential to significantly improve outcomes
with endovascular thrombectomy.1,11,14 Even when restrictively
defined as occlusions of the M1, ICA terminus, and BA, the
estimated annual incidence of LVOs in the US is 24 per 100 000
people per year, totaling close to 80 000 LVOs annually.3

TABLE 1. Inclusive Definition of LVO

Anterior circulation

Intracranial ICA, M1, M2a, M3a, A1, A2a

Posterior circulation
Intracranial VA, P1, P2a, BA

A1, first segment of the anterior cerebral artery (ACA); A2, segment of the ACA; BA,
basilar artery; ICA, internal carotid artery;M1, first segment of themiddle cerebral artery
(MCA);M2, second segment of theMCA;M3, third segment of theMCA; P1, first segment
of the posterior cerebral artery (PCA); P2, segment of the PCA; VA, vertebral artery.
aVariably referred to as LVOs or distal vessel occlusions.

Although only a fraction of these patients would likely be eligible
for thrombectomy based on current guidelines,14 the estimated
10 000 annual thrombectomies performed in recent years remains
well below LVO incidence3 and suggests a potentially significant
future increase in the utilization of endovascular stroke therapies.
Based on data from RCTs with less restrictive inclusion criteria,

the average age of patients presenting with an anterior circu-
lation LVO is roughly 65 to 70 yr, with no consistent differ-
ences observed by gender.5,6,8,12 Similar to patients with ischemic
strokes from other etiologies, patients with LVOs in these datasets
also had significant rates of atrial fibrillation, hypertension,
diabetes mellitus, and tobacco use.5,6,8,12 Patients with LVOs of
the posterior circulation have a comparable comorbidity profile,
and although of unclear significance, they tend to be slightly
younger in age.18,19 Regarding anatomic location, the majority of
LVOs (approximately 70%-80%) occur in the anterior circulation
and are fairly evenly distributed between the ICA andMCA (with
limited ACA LVOs likely due to the takeoff angle of the A1 from
the ICA limiting embolic events).4,20 Tandem LVOs, or separate
occlusions in both the proximal ICA and MCA, can also occur in
less than 10% of cases. LVOs of the posterior circulation are split
across the VA, BA, and PCA.4,20
In a multivariate analysis of acute stroke patients (ischemic and

hemorrhagic) with and without LVOs (defined as blockages of
the intracranial ICA, M1, M2, or BA), age, gender, personal and
family history of stroke, history of hypertension, heart failure,
diabetes mellitus, hyperlipidemia, kidney disease, and the use
of antiplatelet or anticoagulant medications did not significantly
differ across groups.21 However, the rate of atrial fibrillation was
significantly higher in patients with LVOs as compared to those
without (P < .001),21 suggesting this may be a potentially clini-
cally relevant LVO risk factor.

PATHOPHYSIOLOGY OF LVO

LVOs can develop through four mechanisms—occlusion at the
primary arterial site secondary to the development of atheroscle-
rosis of an intracranial artery, extracranial artery atherosclerotic
embolism or plaque rupture that then results in the occlusion
of an intracranial vessel, cardioembolic events related to cardiac
disease such as atrial fibrillation resulting in intracranial vessel
occlusion, and cryptogenic causes of vessel occlusion.22 LVOs
often result in insufficient blood flow to brain parenchyma,
causing cellular bioenergetic failure and inflammatory cascades
that culminate in the death of neurons, glia, and endothelial
cells.23 Although ischemic changes occur within minutes, the
ultimate volume of infarcted tissue is determined by the degree
and length of hypoperfusion,23 with the level of collateral flow
to an ischemic area playing a large role in stroke progression.
Accordingly, in one study nearly 15% of patients with transient
ischemic attacks (TIAs) were found to have underlying LVOs,4
with the absence of fixed neurologic deficits or strokes in these
patients presumably due to adequate collateral perfusion.
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The ischemic penumbra, an area of hypoperfused cerebral
tissue outside of an irreversibly damaged infarct core, repre-
sents clinically important “at risk” tissue that both evolves
with time and is potentially salvageable with early revascu-
larization.23 In the initial RCTs establishing the efficacy of
thrombectomy for LVOs up to 6 hr, patients with large
infarct cores were excluded in order to maximize the amount
of salvageable penumbral tissue and increase the chances of
demonstrating a procedural benefit.6-9,14 Subsequent RCTs
have utilized computed tomography- or magnetic resonance-
perfusion imaging to differentiate the ischemic penumbra from
the core infarct based on differences in perfusion time (time
to maximum of the residue function) and cerebral blood flow
(relative cerebral blood flow) (penumbral tissue having delayed
perfusion time/near normal flow, ischemic core with delayed
perfusion time/significantly decreased flow),12,13 and demon-
strated the efficacy of thrombectomy for select LVO patients
with favorable penumbral/core ratios up to 24 hr from symptom
onset.12-14

NATURAL HISTORY OF LVO

The true natural history of LVOs is difficult to determine due
to the administration of tissue-plasminogen activator (tPA) being
the standard of care for AIS patients presenting within 3 hr of
symptom onset since 1995 (with an extension of this window
up to 4.5 hr in 2008),24,25 and cerebrovascular imaging not
obtained in these seminal works. LVOs are nonetheless commonly
considered refractory to tPA, with resistance to pharmacologic
thrombolysis increasing with more proximal occlusions (31%-
44% recanalization rate with tPA for M2 occlusions, vs 4%-8%
for ICA terminus LVOs).26-28 Observational data from mixed
populations of AIS patients (many presenting outside of the tPA
window) provide additional insight into the disproportionately
high rates of morbidity and mortality associated with LVOs.1 In
a recent meta-analysis of AIS data largely preceding the endovas-
cular era, rates of dependence or death at 3 to 6 mo (defined
by a modified Rankin Scale [mRS] score of 3-6) were more
than double for patients with versus without LVOs (64 vs 24%,
P < .0001).1 Six-month mortality rates were also significantly
higher in LVO versus non-LVO AIS patients (26.2 vs 1.3%,
P < .0001).1 Even amongst patients with TIAs or minor strokes
(defined as ≤3 on the 42-point National Institutes of Health
Stroke Scale [NIHSS]), the presence of an LVO was found to
significantly increase the rates of recurrent stroke (45.8 vs 5.8%
P< .001) and functional impairment (37.5 vs 7.7) within 90 d,29
with these secondary insults likely resulting from embolic events
distal to the LVO and/or inadequacy of collateral perfusion over
time.
The occlusion location and number of occluded vessels in AIS

patients were also found to affect stroke severity (as defined by the
NIHSS score) and overall clinical outcomes.4 Specifically, LVOs

affecting the intracranial ICA and BA were associated with higher
NIHSS scores and worse outcomes as compared to occlusions
of more distal vessels (M2, A2, and P2).4 Similarly, the mean
NIHSS score (a proxy for worse outcomes) was found to increase
linearly with the number of vessels occluded on cerebrovascular
imaging.4

Neurosurgical Interventions to Alter the Natural History
of LVO
The emergence of endovascular therapies has dramatically

affected the prognosis for patients with LVOs. In a meta-
analysis of the 5 initial RCTs assessing the efficacy of endovas-
cular thrombectomy in proximal anterior circulation occlusions
performed up to 6 hr from symptom onset, thrombectomy signif-
icantly reduced 90-d disability (P < .0001), with a number
needed to treat of 2.6 to reduce the mRS in one patient by at
least one point.11 A growing body of randomized retrospective
efficacy data also underlies the updated 2018 American Heart
Association (AHA)/American Stroke Association (ASA) guide-
lines stating that endovascular thrombectomy be considered for
LVOs of the posterior circulation up to 6 hr from symptom onset,
and that intervention is recommended/can be considered up to 16
and 24 hr, respectively, in select patients with anterior circulation
LVOs based on perfusion imaging.14
Based on data from multiple RCTs, the performance of a

decompressive hemicraniectomy for stroke-related edema with
LVOs in patients who are not thrombectomy candidates or have
a completed large territory stroke despite intervention should
also be considered. Specifically, in a pooled analysis of three
RCTs assessing the effect of decompressive hemicraniectomy
after a unilateral large territory MCA stroke in patients 18 to
60 yr old, hemicraniectomy reduced overall 12-mo mortality
by nearly 50% (78% with medical management vs 29% with
surgery, 95% confidence interval [CI] 33-67), and significantly
increased the number of patients with moderate or lesser disabil-
ities (mRS ≤ 3) (43% vs 21%, 95% CI 5-41).30 In a cohort
more closely age-matched to patients at risk for LVOs, RCT
data also support the utility of decompressive hemicraniectomy
for significantly reducing mortality in patients >60 yr old with
large territory MCA strokes (70% with medical management vs
33% with surgery), although in this patient subset no signif-
icant improvement in the number of patients with moderate or
lesser disabilities was seen with surgery.31 In a reflection of these
data, the 2018 AHA/ASA guidelines state that it is reasonable
to perform a decompressive hemicraniectomy in patients with
large unilateral MCA strokes ≤60 yr old, and may be considered
in patients >60 yr old.14 Based on retrospective data, a decom-
pressive suboccipital craniectomy with dural expansion is also
recommended to increase the likelihood of a good outcome
in posterior circulation LVO patients with refractory edema,
brainstem compression, and neurologic deterioration from acute
cerebellar infarctions.14
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CLINICAL PRESENTATIONOF LVO

Given the ability to alter their natural history with endovas-
cular thrombectomy, early identification of patients with LVOs
is critical. Differentiating AIS patients with LVOs from those
without based on clinical presentation is nonetheless challenging
due to the variable nature of collateral vasculature and the
potential for unique “at risk” and symptomatic tissue patterning
across patients with the same anatomical site of occlusion. LVOs
can also commonly manifest with minimal symptomology.32,33
Accordingly, in one recent retrospective study, there was no signif-
icant difference in average NIHSS score between AIS patients
with and those without LVOs (23 vs 18.5, P = .55).21 Even
when broken down into the 11 NIHSS subcategories (level of
consciousness, questions, commands, gaze, visual fields, facial
palsy, motor arm and leg, ataxia, sensory, language, dysarthria,
and extinction), only an increased severity of facial palsy with
LVO (P= .03) was significant on univariate analysis, before losing
significance upon multivariate testing (P = .053).21 AIS patients
with LVOs were nonetheless significantly more likely to have a
lower mean systolic blood pressure upon presentation than those
without LVOs (153 vs 179, P < .01 on both univariate and
multivariate analysis).21 Conversely, in a separate retrospective
analysis of a less symptomatic cohort of patients with AIS, an
increased NIHSS was the only clinical predictor of LVO (13 vs
2, P < .01).20
While not pathognomonic, the clinical presentation of patients

with LVOs is nonetheless often stereotyped and anatomically
matched to the site of occlusion and downstream affected
cerebrum (Table 2). Specifically, ICA or proximal MCA occlu-
sions often present with contralateral hemibody and face weakness
and/or numbness, contralateral homonymous hemianopsia, and
ipsilateral gaze deviation, as well as aphasia for dominant
hemispheric lesions and neglect for lesions of the nondom-
inant hemisphere. More nuanced presentations of variable clinical
severity and importance are observed with more distal occlusions.
One notable distal occlusion site is the M3 branch to the angular

TABLE 2. Common Clinical Symptoms of LVO by Occlusion Site

ICA/Proximal MCA

Contralateral hemibody and face weakness/numbness, contralateral
homonymous hemianopsia, ipsilateral gaze deviation, aphasia
(dominant hemisphere), neglect (non-dominant hemisphere)

VA/BA
Hemibody weakness or numbness, dizziness, nausea, vomiting, gait
and balance issues, or alterations in consciousness

PCA
Contralateral homonymous hemianopsia or quadrantanopia

BA, basilar artery; ICA, internal carotid artery; MCA, middle cerebral artery; PCA,
posterior cerebral artery; VA, vertebral artery.

gyrus of the dominant hemisphere. Due to the involvement of this
vascular territory in speech processing and complex cognition,34
focal occlusions in this location are sometimes more aggressively
pursued for thrombectomy in an attempt to preserve speech and
cognition as compared to similarly distant blockages in arteries
supplying less eloquent cortex.
Posterior circulation LVOs are often more challenging to

diagnose than LVOs of the anterior circulation due to a nonspeci-
ficity of associated symptoms, which can lead to significant delays
in both prehospital and intrahospital management of this patient
subset.35 Nonetheless, common symptoms seen with occlusion
of the VAs and BA include hemibody weakness or numbness,
dizziness, nausea, vomiting, gait and balance issues, or alterations
in consciousness.36 Occlusions of the PCA typically result in
contralateral vision changes such as a homonymous hemianopsia
or quadrantanopia.36
Stemming from the challenges of diagnosing LVOs based

on clinical presentation alone, there is an ongoing debate on
the efficacy and optimization of prehospital triaging of AIS
patients suspected of having an LVO from intravenous-tPA-ready
hospitals to facilities with endovascular capacities.37 However, the
updated 2018 AHA/ASA guidelines recommend further research
on this topic.14

CONCLUSION

Patients with LVOs represent a clinically significant subset
of AISs due to disproportionate morbidity and mortality rates
and the ability to significantly alter the natural history of the
disease with endovascular thrombectomy. Although differen-
tiating LVO from non-LVO AISs based on clinical presen-
tation alone is challenging, awareness of common LVO presen-
tations is critical to expedite workup and initiate timely
intervention.
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