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The cerebral circulation and
cerebrovascular disease II:
Pathogenesis of cerebrovascular
disease

Ankush Chandra’, Christopher R Stone', William A Li', Xiaokun Geng'?, Yuchuan Ding"?

Abstract:

In this paper, we review the cerebral circulation and cerebrovascular disease (CVD) with an overview
of the major types of CVD pathogenesis. These, as categorized here, are as follows: occlusive
injury intrinsic to blood vessels, occlusive injury extrinsic to blood vessels, cerebral hypoperfusion,
and cerebral hemorrhage. Following an overview of each of these categories, we conclude with a
discussion of cerebral edema to illustrate how the pathological origins we covered can progress
clinically. The content of this paper sets the stage for the detailed, clinically oriented discussion of
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Introduction

Having provided a broad, anatomical
overview of the cerebral circulation in
Part]I of this series’! we now resume our review
with a discussion of the various pathological
processes that lead to cerebrovascular
disease (CVD). We hope that our reader, by
drawing upon the anatomical picture already
presented, begins to assemble a narrative
sense of why a localized cerebrovascular
insult might produce a characteristic profile
of symptoms. If it is possible after reading,
for example, to understand why dissection,
aneurysm, or atherosclerosis of a certain
branch of the anterior cerebral circulation
could all produce visual deficits,”! this review
shall have served its purpose.

This part of the review will proceed
according to an organizational scheme
we have devised to render this complex
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stroke with which our series culminates in its subsequent Part Ill.

Atherosclerosis, cerebal hemorrhage, cerebral circulation, cerebral edema, cerebral emboli, cerebral
hypoperfusion, cerebral vessel damage, cerebrovascular disease

subject maximally approachable. The
CVD process will be divided into four
pathogenic categories. Although this
division is somewhat arbitrary, and may
thus be transgressed by certain types of
disease (the hemorrhagic transformation
discussed later in our review series is a
prominent example of such transgression),
it provides a useful conceptual foundation
over which to build an explanation of
the clinical presentation of CVD. The
four categories are as follows: occlusive
pathology intrinsic to blood vessels, such as
stenosis and arterial wall damage; occlusive
pathology due to extrinsic causes, such as
venous thrombosis and extracranial emboli;
inadequate cerebral blood flow; and cerebral
hemorrhage. After becoming familiar with
these categories, our reader will possess the
background necessary to fully appreciate
the clinical presentations and treatments
of stroke that are presented in Part III of
this series.P! Thereafter, we will end with a
discussion of cerebral edema. This will serve
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as an illustration of how the pathogenic categories may
proceed to produce disease.

Cerebrovascular Disease Pathogenesis:
Processes Intrinsic to the Blood Vessel

Blood vessels are the conduits through which oxygen
and nutrients reach all tissues of the body. Disruption
of the flow of blood by intrinsic processes therefore
causes disruption of the flow of oxygen and nutrients
to the receiving tissues. This results in hypoxia and, if
prolonged, ischemic death of the affected tissue. In the
brain, there are several intrinsic processes that can cause
hypoxic disease. Much in the same manner by which
the major cerebral arteries are organized segmentally
to facilitate organization of their function, these intrinsic
processes are divided into two broad categories. These
categories, arterial stenosis and damage to the arterial
wall, are now introduced.

Arterial stenosis

Arterial stenosis of both the intracranial and certain
extracranial arteries plays a major role in the pathogenesis
of CVD. Stenosis of all etiologies leads to reduced
luminal surface area within these vessels, and thus
to reduced blood flow to the brain. Numerous case
studies and research data have demonstrated that
internal carotid artery stenosis is the most common
extracranial pathological process implicated in CVD.57!
Extracranial vessels from the vertebrobasilar system
may also be involved in the generation of CVD; strokes
of this circulation cause, as noted in Part I, around 20%
of ischemic strokes worldwide.[®'? In proportion of the

overall CVD incidence, however, it is intracranial arterial
stenosis that predominates: this has been shown to be
the most common cause of all CVDs worldwide.!*"!
Any artery within the cranium may undergo stenosis;
when large arteries (e.g., the middle cerebral artery) do
s0, this causes CVD, such as stroke or transient ischemic
attack (TIA)."® While there are many factors that promote
the onset of such disease-producing arterial stenosis, we
will highlight the three most common and significant of
these: atherosclerosis, amyloidosis, and lipohyalinosis.

Atherosclerosis [Figure 1] is the leading cause of luminal
stenosis in intracranial arteries, and is thus the leading
cause of stroke worldwide.l"* There are many risk factors
for the development of the atherosclerotic lesions that
lead to stroke and these have been detailed elsewhere;
the curious reader may review our sources.!"**l Here,
we focus on the pathogenesis of atherosclerosis.
Broadly, disease is initiated by endothelial damage
and dysfunction, which paves the way for the chronic,
progressive narrowing process that results in stenosis of
the arterial wall.”™ The precipitating endothelial damage
is followed, due to its high affinity for glycoprotein
molecules, by the entry and sequestration of low-density
lipoprotein (LDL) particles into the subendothelial
space.?"#I Once within this space, LDL particles become
oxidized by the action of mediators such as nitric oxide,
myeloperoxidase, and 15-lipooxygenase.?'??! This then
leads to upregulation of cell adhesion molecules on
the surface of the affected endothelial cells. While this
upregulation serves the adaptive purpose of bringing
monocytes and T-cells into the subendothelial space
to clear the oxidized LDL particles, it also initiates

Normal Artery: intact,
anti-thrombotic
endothclium

Endothclial Damage: precipitated by
various risk factors (hyperlipidemia,
hemodynamic stress, etc.). Permits lipid
accumulation and oxidation, the ingress of
monocytes, inflammation and entry of
vascular smooth muscle cells, the production
of a collagenous fibrous cap

Atherosclerotic Lesion:
fibrous cap, lipid-rich core,
migrated vascular smooth
muscle cells

CVD by Perfusion Failure:

occlusion

CVD by Complicated Plaque:
hemorrhage, cruption, thrombosis

Figure 1: The main features of atherosclerotic pathogenesis. Under nonpathogenic circumstances, an intact arterial endothelium (represented here as dots in light blue)
prevents the ingress of atherosclerotic mediators. When normal endothelial function is compromised by factors such as hemodynamic stress and hyperlipidemia, however,
the entry of low-density lipoprotein is facilitated. This begins the pathogenic cascade that culminates in the formation of an atherosclerotic lesion. Once formed, these lesions
may continue to expand, resulting in cerebrovascular disease by occlusion. Alternatively, if possessed of certain predisposing histological features,®! they may produce
cerebrovascular disease through thrombosis or hemorrhage
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deleterious local inflammation, whereby cytokine release
attracts smooth muscle cells from the tunica media layer
into the intima.

A concomitant deleterious process occurs once invading
monocytes become macrophages, and, through their
scavenger receptors, phagocytose the oxidized LDL.
First, this leads to the formation of foam cells,?!22242
which then continue to phagocytize the oxidized LDL
until they die. Upon necrotic death, the foam cells release
their fatty load in the extracellular space. Repeated many
times, this death-and-release mechanism eventually
results in the accumulation of a necrotic, lipid-rich
fatty core within the vessel wall. This necrotic core is
surrounded on the luminal side by the migrated smooth
muscle cells and macrophages, and embedded in a
matrix of Type I and Type III collagen, leading to the
formation of a fibrous cap.

Thus, from the vessel lumen to the tunica adventitia
of the vessel, the atherosclerotic plaque comprises a
fibrous cap, a necrotic, lipid-rich core, and then the media
from which smooth muscle cells have migrated.?
Over time, such plaques may, as additional cholesterol
accumulates within them, enlarge to protrude into the
lumen. One of the two pathological consequences may
then succeed protrusion. On the one hand, simple,
in situ occlusion of the lumen may occur, causing CVD
through perfusion failure. On the other hand, the
formation of a complicated plaque (characterized by
thrombosis, hemorrhage, erosion, or rupture) may occur,
also leading to CVD.2220 Studies have shown that
American Heart Association (AHA) Type V and Type VI
plaques, which are classified as such using histological
criteria developed by the AHA Committee on Vascular
Lesions,”! are typically associated with the highest risk
of CVD development.!*?!

Amyloidosis is another major etiology of stenosis leading
to stroke. This group of disorders is characterized
by a common cause: misfolded proteins undergo a
conformational change (becoming f-pleated sheet
structures) that triggers the formation, either locally or
systemically, of amyloid fibrils in organs and tissues.*!
These disorders lead to CVD through the deposition
of amyloid fibrils in the cerebral leptomeningeal and
intracortical arteries, arterioles, and capillaries.*03!

Cerebral amyloid angiopathy (CAA) is one type of
amyloidosis that is seen in the elderly and may be
accompanied by Alzheimer’s disease. Both inherited
and sporadic forms of this disease exist: the sporadic
form is due to the deposition of Ap amyloid and the
inherited form is due to various aberrant gene products
that foster such deposition.®?>*! CAA predominantly
affects persons older than 65 years, and increases in
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observed frequency until the eighth and ninth decades
of life. Pathogenesis involves, following the deposition
for Ap amyloid, the acellular thickening of the tunica
media that results in narrowing of the lumen. This
represents the early, stenotic stage of the disease.
Thereafter, with progressive deposition of Ap amyloid,
the smooth muscle in the tunica media degenerates,
leading to thinning and weakening of the tunica media
that is accompanied by dilatation of the lumen.**? Thus,
CAA (and the other vascular amyloidoses) can lead
to cerebral infarcts by several mechanisms, including
hypoperfusion or hemorrhage of the affected cerebral
region:® it has been shown that CAA is an important
risk factor for spontaneous nontraumatic intracranial
hemorrhage (ICH), accounting for 5%—20% of all ICHs
in elderly patients, with disease localized to the lobar
regions in CAA-associated ICH.P'**I However, studies
by Attems et al. and Vonsattel et al. have found that ICH
thought to be due to CAA alone may in fact involve other
factors or comorbidities associated with CAA B

Lipohyalinosis is the final stenotic etiology we will
discuss. This etiology was first characterized in 1968.
Through analysis of the arterial pathology manifested
in serial sections of patients with small deep-brain
infarcts, it was found that the small vessels supplying
regions affected by these lacunar infarcts possessed
a series of abnormalities. This series included focal
enlargements, small hemorrhagic extravasations
through the arterial wall, subintimal foam cells, and
eosinophilic fibrinoid material in the vessel wall that
often led to obliteration of the vessel lumen,?? and
was referred to by its discoverer as segmental arterial
disorganization and lipohyalinosis.® Studies have
shown that lipohyalinosis is strongly correlated with
the presence of severe hypertension in patients and
subsequently causes lacunar stroke in these patients due
to the gradual occlusion of small perforating vessels, as
described above for atherosclerosis.*!

Damage to the arterial wall without stenosis

A separate category of cerebrovascular pathology can be
delineated by differentiating damage to the arterial wall
that results in stenosis from damage that is not stenotic in
origin (stenosis may result from such damage, however,
as is shown below). Having reviewed the former
category above, the following discussion will concern
the latter. This category is caused when the thin layer
of endothelial cells that lines the lumen of all arteries
is disrupted. A normal endothelial layer functions to
guarantee smooth blood flow; when disrupted, loss of
this function may lead to turbulent flow, obstruction of
flow, or thrombosis, all of which may ultimately lead
to stroke.®*! We describe some mechanisms by which
disruption is initiated in the following section.
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Vasculitides represent one such mechanism. These are
a group of inflammatory diseases that are characterized
by inflammation and necrosis of the blood vessel
wall.®# Thought to be autoimmune in pathogenesis,
this is a heterogeneous group of diseases that may
affect both the peripheral and central vasculatures,*!
and may be partitioned according to the size of the
vessel they predominately affect: large, medium, or
small.* Of all the primary vasculitides, giant cell
arteritis, polyarteritis nodosa, and primary angiitis
of the central nervous system (PACNS) all may have
central nervous system (CNS) involvement productive
of CVD, and are thus discussed.[??#04>4] Giant cell
arteritis is the most common form of vasculitis among
those over 50 years*”! and primarily affects large- and
medium-sized blood vessels. This disease involves the
granulomatous inflammation of affected vessels, which
may lead to stroke.!*$#! A high incidence of such strokes
in the vertebrobasilar circulation has been reported in
the literature.!*! Polyarteritis nodosa is also capable
of producing stroke: the 20% of cases with cranial
involvement can cause stroke of both the ischemic
and hemorrhagic varieties. Pathologically, this disease
features a systemic necrotizing vasculitis typically
targeted to medium-sized blood vessels.***! Finally,
PACNS s a rare disorder that exclusively targets the CNS
vasculature. It is known that small-to-medium-sized
vessels are principally affected, especially in the
leptomeningeal and subcortical areas, but the complete
pathogenesis of this disorder is not currently known.
Experimental models have suggested, however, that
its progression may be due to Thl-related cytokine
inflammation, which is supported by the granulomatous
nature of this vasculitis.”! In any case, the disease
produces lesion-specific symptoms, such as stroke with
significant occlusion of the affected vessels.[*5!]

Dissection, or tearing, usually of the extracranial carotid
and vertebral arteries (it has been reported, however,
that intracranial artery dissection is more common
among children and Asian populations studied?),
is another vessel-damaging mechanism commonly
implicated in causing “ischemic strokes” and stroke.
This pathology usually succeeds trauma, which often
involves sudden movements of the neck. Predisposing
vascular abnormalities, either genetic or acquired, may
also be involved.*%2% Although arterial dissection of all
causes accounts for only 2% of all ischemic strokes, it is
still a highly significant cause of CVD among those under
45 years, causing 20% of all strokes in this population.>*

The manner whereby dissection results in stroke may
proceed in multiple fashions: one involves the formation
of thromboemboli at the site of injury, and the other
involves hemodynamic insufficiency due to occlusion or
severe stenosis.*! In either case, the initiating event is a
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tear in the tunica media, through which blood is admitted
into the arterial wall. Once within the wall, this blood
may impinge on the lumen to produce hemodynamic
insufficiency; endothelial impingement, because it
activates the coagulation cascade, may also result in
thromboemboli. In addition, dissecting blood may
make its way between the tunica media and adventitia,
resulting in aneurysmal expansion that can be productive
of subarachnoid hemorrhage.!

Vessel Blockage Due to Extrinsic Factors

In addition to causes that are intrinsic to the affected
blood vessels, there are also extrinsic causes of vessel
blockage that may lead to CVD. Of these, the most
important are cerebral venous thrombosis (CVT) and
cerebral emboli.

Cerebral venous thrombosis

CVT is a rare cause of stroke, accounting for only about
0.5% of all cases.*®! A major risk factor for CVT is the
presence of a constellation of factors that is known as
Virchow’s triad (a hypercoagulable state characterized
by stasis of blood, turbulent flow, and endothelial cell
damage); other causes of CVT include acquired risk
factors such as trauma, surgery, puerperium, pregnancy,
oral contraceptives, and hypercoagulable states
associated with malignancies and antiphospholipid
syndrome.P*® Antithrombin III, protein S and C
deficiency, prothrombin G20210A mutation, and factor
V Leiden are among the genetic hypercoagulability
conditions that can cause CVT./584]

These risk factors can lead to CVD by two mechanisms,
differentiated according to whether the occlusion is
present in the cerebral veins or in the dural sinuses. If it
is in the cerebral veins, occlusion causes local edema of
the cerebral parenchyma (of both vasogenic and cytotoxic
types, to be discussed below), focal venous infarction,
and petechial hemorrhages that may coalesce into large
intracranial hematomas.[®"%? If, on the other hand, it
occurs in the venous sinuses, occlusion leads to increased
intracranial and venous pressure and decreased
capillary pressure and blood volume. These events
then have several CVD-causative consequences, such
as disruption of the blood-brain barrier (BBB), edema,
extension of venous thrombosis due to obstructive
stasis of blood, venous rupturing and subsequent
hemorrhage, cerebrospinal fluid flow disruption, and
stroke-like events.[>®l Thus, when patients present with
subarachnoid hemorrhage, it has been reported that
CVT should be considered as an alternative etiology and
investigated using venous imaging.*!

As was discussed in Part I however, the cerebral
venous circulation possesses a substantial intrinsic
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compensatory capacity against the development of CVT.
This capacity is a direct consequence of several anatomic
features possessed by the venous circulation, including
the absence of valves, the lack of a tunica muscularis
layer, and the possession of a rich, anastomotic network
encompassing both veins and sinuses. It is only once
these compensatory features are overwhelmed that
central venous pathology is initiated.

Cerebral emboli

Cerebral emboli are blood clots that form at sites distal
to the brain, but which then travel to the brain and
lodge themselves in the cerebral vasculature. They are
the most common cause of TIA and stroke, which they
produce in exactly the same manner as a local occlusion.
Thus, emboli are identical in both composition and
pathologic consequence to the atherosclerotic thrombi
discussed above. They are not, however, distinguished
from thrombi exclusively according to their distinct
origin.®! In addition to this, certain clinical features, such
as a rapid progression to peak symptomology, and the
concomitant presence of an emboligenic heart disease,
suggest an embolic etiology. !

While emboli can travel to the brain from virtually any
site in the body, the most common source is the heart,
along with the large vessels by which the heart supplies
the brain. Taken together, these sources are implicated in
about two-thirds of all ischemic strokes,””" while emboli
from the heart alone are thought to cause between 14%
and 30% of ischemic strokes. Such emboli are of special
concern in patients with atrial fibrillation, since this
rhythm carries an increased risk of recurrent embolism
production due to stasis, especially in the left atrial
appendage.®”!l Atrial myxomas, patent foramen ovale,
and arteriovenous shunts also contribute to cerebral
embolism production; in such cases, tumor removal
and surgical patch-up of cardiac shunts is curative.”] As
other sources, such as complicated carotid plaques and
aortic mural thrombi, also exist, it may be reasonably
said, to summarize, that cerebral embolism is a highly
heterogeneous pathology.[-%)

Inadequate Cerebral Blood Flow

Since the brain is so heavily dependent on constant
perfusion for the delivery of oxygen and glucose, any
disruption in flow increases the risk of infarction. As
was discussed in Part I of our review within the context
of the cerebral microcirculation, disruptions in flow
are normally avoided by the autoregulatory capacity
possessed by this circulation. Cerebral autoregulation
is not wholly understood, but several expository efforts
have yielded plausible accounts. One of these accounts
is referred to as the myogenic hypothesis, according to
which the musculature of the cerebral vessels contracts
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in response to higher pressures, and dilates in the
absence of pressure sufficient to initiate contraction,
thus modulating resistance to preserve a constant rate
of flow. Another account is known as the metabolic
hypothesis: decreases in flow initiate the production
of vasodilatory substances; dilation then decreases
resistance, increasing flow."?! Regardless of how it
is achieved, this autoregulatory capacity is normally
sufficient to supply the needs of the brain. However,
when perfusion pressure is so severely compromised
that it falls below the range over which autoregulation
is effective, as can happen, for example, during heart
failure, ! cerebral blood flow compromise may ensue.
Such drops can be productive of the so-called watershed
patterns of infarction, in which distal regions of the
cerebral vasculature are poorly perfused, producing
infarction between arterial territories.”!

Studies have also shown that increases in hematocrit,
especially when they exceed 46%, significantly increase
the incidence of cerebral infarcts and other CVD in
younger patients, while an increase in hematocrit
over 41% increases the risk of cerebral infarct among
older patients (>78 years).”>”1 Moreover, the presence
of cerebral atherosclerosis in addition to elevated
hematocrit has been shown to have an additive effect
on the incidence of infarction. Analysis of such cases
has shown the severity of atherosclerosis to be directly
proportional to increasing infarction incidence, especially
in deep subcortical structures.” This may be due to the
fact that, while the hemoglobin content of blood rises
with an increase in hematocrit, there is also a sharp
increase in blood viscosity. Thus, despite an increase in
oxygen carriage capacity per unit time in affected blood,
the highly viscous character of this blood causes a drop in
flow rate to the brain, increasing the risk of infarction.”!

Besides elevated hematocrit and atherosclerosis,
occlusion of vessels due to thrombosis and emboli may
also lead to inadequate cerebral blood flow, as discussed
above.

Hemorrhage

Cerebral hemorrhage, which is classified according to
location as either intracranial or subarachnoid, leads to
the development of a pathology known as hemorrhagic
stroke. Such strokes involve bleeding of vessels into the
surrounding area (either subarachnoid or parenchymal)
and subsequent damage to tissue contacted by the
blood. While these strokes are less common than
ischemic strokes, they still, due to high mortality rates,
account for a significant number of deaths globally.
More about hemorrhagic strokes, including the relevant
epidemiology, presenting features, pathogenesis,
and treatment, is discussed in Part III of our review
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series;*”¥l it is mentioned here merely to point out that
the hemorrhaging of cerebral blood vessels represents
a distinct avenue by which cerebrovascular pathology
may emerge.

Microcirculatory Dysfunction: Cerebral
Edema

Cerebral edema is one of the major secondary
complications of stroke. Since stroke is a consequence
of every modality of CVD pathogenesis presented above,
edema is therefore an illustration of all these modalities.
Due to this illustrative potential, cerebral edema is
discussed here.

Although edema occurs among many other complications
of stroke, it is comprehensible independently of any
aspect of stroke pathophysiology apart from the
cerebral microvascular anatomy. For the purposes of
this discussion, it is sufficient to understand that the
common origin of all stroke complications is disruption
in the flow of blood. Disruption may be provoked by
any of the pathogenic categories mentioned above.
Consider, for example, the case of dural venous sinus
thrombosis. When a clot develops in the lumen of a
dural sinus, the drainage of deoxygenated blood from
the brain is impaired.” The resulting raise in venous
pressure then decreases cerebral blood flow, producing
hypoxia. Hypoxia at the level of the BBB then produces
edema, as described below. A similar causal chain
leading from disruption to edema may be given for the
other modalities of CVD pathogenesis.

After disruption, the brain can then experience two types
of cerebral edema: vasogenic and cytotoxic.®” In cytotoxic
edema, the BBB remains intact, but ischemia-induced
disruptions in cellular metabolism cause a decrease
in adenosine triphosphate (ATP) production. ATP
depletion then leads to Na/Ca channel dysfunction
and an intracellular buildup of cations, causing a
rapid influx of water into the cell. In the end, the
result is a degree of cellular swelling that overwhelms
homeostasis, becoming toxic. Astrocytes are more prone
to pathological swelling than neurons, because they are
involved in ion and metabolite clearance, which causes
osmotic overload that in turn promotes water influx.

The vasogenic variety of edema, on the other hand, is
due to physical breakdown of the BBB. This occurs at the
end of the ischemic cascade, as follows: ischemia leads
to energy depletion, causing neuronal injury and death.
Reactive oxygen species released by injured cells then
trigger microglial activation, cytokine and chemokine
secretion, induction of adhesion molecules, and
increased BBB permeability. This permits the invasion
of peripheral immune cells into the brain parenchyma.
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Once inside the parenchyma, the invaders then secrete
a variety of pro-inflammatory cytokines and matrix
metalloproteinases that exacerbate BBB permeability,
ultimately causing vasogenic edema.

Aquaporin 4 (AQP4) is a water transporter in the brain
that plays multiple important roles in the pathogenesis
and resolution of both types of edema. It is highly
concentrated on the surface of astrocytic end-feet that
surrounds the BBB®! and functions as a water-specific
bidirectional transporter. Under normal conditions,
AQP4 is critical for water homeostasis in the brain.
In models of vasogenic edema (e.g., BBB disruption
secondary to permanent ischemia), brain swelling is
exacerbated in AQP4 knockdown mice. In contrast,
models of cytotoxic edema (e.g., acute transient
ischemia, water intoxication) using AQP4 knockout mice
demonstrate significant reduction in cerebral edema and
improved neurological outcome.

To understand these findings, it is important to
understand that cytotoxic edema does not cause brain
swelling by itself. Swelling in this case is secondary
to astrocytic dysfunction, which causes both BBB
disruption, as well as the establishment of a positive
osmotic gradient, due to the cessation of normal
astrocytic clearance functions. AQP4 seems to play a
detrimental, pro-swelling role under this circumstance
by facilitating water movement into the brain. Cellular
swelling begins within 30 minutes of infarction and
persists for up to 24 h after reperfusion. Thus, since
it results in the inhibition of cytotoxic edema-induced
swelling, blockading AQP4 channels has been found to
be neuroprotective when performed during the acute
phase of ischemic stroke.*34

In the contrasting case of vasogenic edema, AQP4 has
been found to clear water from the brain parenchyma.
It does so by providing a path of low resistance for the
return of water from the parenchyma, back into the
vascular compartment.® Vasogenic edema peaks at
10-20 days in humans following a stroke and subsides
in 2-4 weeks.® Thus, an upregulation of AQP4 during
the resolution phase may reduce infarct size and improve
functional outcome. ¥l

Summary

In this paper, we have presented a broad account of
the various ways in which CVD can be initiated. First,
we discussed initiating mechanisms intrinsic to the
diseased vessel, such as atherosclerosis and arterial
dissection. Then, we discussed factors that are extrinsic
to the diseased vessel, such as cardiogenic emboli.
Third, we described how inadequate blood flow to
the brain may occur, and the various ways in which
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this inadequacy can then cause pathology. Finally, we
introduced cerebral hemorrhage as a fourth pathological
category. To illustrate how these four categories may
proceed to produce clinically significant pathology, we
then detailed the pathogenic events that culminate in
cerebral edema.

Throughout our account, we have attempted not
only to be succinct, but also sufficiently thorough
to promote understanding of how pathogenesis is
ultimately predictive of clinical course. The difference
in clinical manifestation between thrombotic and
embolic strokes described above is a good example of
this pathogenesis—course correlation. Of course, there
are many variables relevant to the science of clinical
prognosis that are not discussed in this paper. Our goal
was merely to sketch the physiological scaffold on which
this prognostic science is constructed.
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