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Brain Embolism

HISTORICAL BACKGROUND AND OVERVIEW

Knowledge that thrombosis of supply arteries was the cause of necrosis and in-
farction of the brain, heart, and other body organs developed in the middle of
the 19th century. Before then, physicians had known for centuries that coagula
could be found in arteries. Vesalius, in 1543, had described unnatural deposits
in the left atrium of patients who had limb gangrene [1]. Others found clots in
the vascular system at necropsy, but there was controversy about whether the
thrombi formed before or after death [2]. During the late 18th and early 19th
centuries two important historical figures, John Hunter in Britain and Cruveilhier
in France, thought that coagula formed during life and were due to inflammation
of the veins. Hunter, writing in 1793, noted the frequency of inflammation of
veins after surgery and phlebotomies and thought that clots in the veins formed
as exudates from the walls of the blood vessels [3]. Cruveilhier, in 1829, wrote
that vein coagulation was the first sign of phlebitis [4]. Thrombi within the arteries
and heart, at that time, were attributed to arteritis [2].

The German pathologist Rudolph Virchow deserves the most credit for
recognizing that obstruction of arteries caused damage to the organs supplied
and that vascular occlusion developed locally (thrombosis) or at a distance (embo-
lism) [5]. Among 76 necropsies that he performed in 1847, Virchow found blood
clots in the veins of the extremities in 18, and within the pulmonary arteries in
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1. He reasoned that the clots must have been transported within the venous
bloodstream to reach the heart and then the pulmonary arteries [5]. He then de-
vised experiments to show that foreign bodies placed within the veins of animals
moved proximally toward the heart. At necropsies, Virchow found clots obstruct-
ing brain, splenic, renal, and limb arteries in patients with cardiac valvular disease
and left atrial thrombi. These observations showed him that clots formed locally
without relation to inflammation, moved within the vascular system as emboli,
and caused ischemic tissue damage [2,5].

Although the cardiac pathology was defined, clinicians were not aware of
the clinical features of coronary thrombosis until the early part of the 20th cen-
tury, when James Herrick described the symptoms of myocardial infarction |6].
In the 1940s cardiologists clarified the relationship between angina pectoris, coro-
nary thrombosis, and myocardial infarction [7]. Within the brain, pathologists
customarily described softenings, ramolissements, and encephalomalacia. By the
turn of the century Chiari had described a single case of an intra-arterial embolus
that had arisen from a thrombus in the internal carotid artery in the neck [8].
William Osler’s textbook of medicine, which appeared in many editions at the
beginning of the 20th century, described embolism to the brain as a cause of
cerebral softenings [9]. Osler mentioned only rheumatic mitral stenosis and bacte-
rial endocarditis as cardiac sources of embolism [9]. Osler did note that portions
of clots from aneurysms, thrombi from aortic atheromas, and clots that formed
in the pulmonary veins were also potential sources of brain embolism [9]. It was
not until the early 1950s, when Miller Fisher described the clinical and pathologi-
cal features of carotid artery thrombosis and coined the term transient ischemic
attacks (TIAs) [10], that the clinical aspects of occlusive cerebrovascular disease
became well known.

Although emboli were known to arise from the heart and the arterial system,
early classifications of stroke equated brain embolism with cardiac-origin embo-
lism [11]. Only two main cardiac sources were accepted—mitral stenosis with
atrial fibrillation, and recent myocardial infarction complicated by a mural throm-
bus. Required for a stroke to be classified as embolic were the known presence
of one of these two accepted cardiac sources, systemic embolism, and a sudden,
maximal-at-onset, focal neurological deficit. Using these criteria very few strokes
were considered embolic. Table | shows the frequency of strokes diagnosed as
embolic in large series of stroke patients collected before 1970 [12-14].

The Harvard Cooperative Stroke Registry (HSR) [15], published in 1978,
was the first study to note a high rate of embolism as a cause of stroke. This
registry, unlike its predecessors, was a prospective study. All 694 stroke patients
were thoroughly investigated using the technology available at that time. Embo-
lism was diagnosed when there was a sudden obstruction of a large intracramal
artery or one of its branches. The embolus could arise from any source, but pre-
dominantly the heart or one of the cervicocranial arteries that supply the brain.
A sudden-onset neurologic deficit and an arteriogram that showed blockage of




Brain Embolism 37

TaBLe 1 Incidence of Embolism and Other Types of Strokes (%) in Early Series

Series n Thrombosis Embolism ICH SAH  Unknown
Aring, Merritt [12] 407 82 3 15 - —
Whisnant et al. [13] 548 75 3 10 5 7
Matsumoto et al. [14] 993 71 8 10 6 5

ICH, intracerebral hemorrhage: SAH, subarachnoid hemorrhage.

an intracranial artery not due to local atherosclerosis were the most common
evidence for embolism. Echocardiography was not available at that time, and
only about half the patients had cranial computed tomography (CT), which only
became available in the mid-1970s. In the Harvard Stroke Registry, 31% of
strokes were classified as embolic, 53% thrombotic, and 16% hemorrhagic [15].
Note that the ratio of ischemic to hemorrhagic strokes was about the same as
that in the registries listed in Table 1: only the proportion of ischemic strokes
considered embolic differed dramatically. In the Harvard Stroke Registry, 215
of the 694 (31%) strokes were considered embolic. Fully 112 of the 215 (52%)
embolic stroke patients had known cardiac disease. Seventy-three had atrial fi-
brillation and the others had recent myocardial infarction or valvular heart dis-
ease. Note that one-third of the patients with embolism had atrial fibrillation, a
disorder that at that time was not considered to be an important cardiac source
of embolism unless the patient also had rheumatic valvular disease [15].

Embolism requires a donor source and a recipient artery. During the last
two decades, there has been a dramatic revolution in technology able to define
the brain and cardiovascular abnormalities in stroke patients. This technology is
now able to characterize both recipient and donor sites. Newer-generation CT
scans and magnetic resonance imaging (MRI), especially with newer fluid-attenu-
ated inversion recovery (FLAIR) techniques, are able to show brain infarcts and
hemorrhages soon after the onset of neurological symptoms. Vascular imaging
has also developed dramatically. Extracranial and transcranial ultrasound can
now provide information rapidly about blood flow and lesions within the major
extracranial and large basal intracranial arteries. CT angiography can be per-
formed at the same time as CT by using intravenous contrast and filming with
a spiral CT scanner. MR angiography can be performed at the same time as MRI,
does not require contrast media, and can give accurate information about large
artery lesions. Cardiac diagnostic testing, using transesophageal echocardiogra-
phy (TEE), radionuclide studies, and rhythm monitoring, is also much more effec-
tive now than in the past at defining cardiac abnormalities and potential sources
of embolism. TEE and Duplex ultrasound studies can also detect large aortic
atheromas that might be potential sources of embolism to the brain. The available
testing is rapid and relatively noninvasive when compared to angiography using
contrast media.
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During the past 5 years, a new capability has entered the diagnostic arsenal
of clinicians—emboli monitoring using transcranial Doppler ultrasound (TCD)
[16-21]. In this technique transcranial Doppler probes are positioned over brain
arteries, most often the middle and posterior cerebral arteries on each side. When
particles pass through the arteries being monitored, they produce an audible chirp-
ing noise and high-intensity transient signals (HITS) visible on an oscilloscope.
The signal character depends on the nature of the particles (gas, thrombus, cal-
cium, cholesterol crystal, etc.), particle size, and particle transit time. Monitoring
probes can be placed on the neck and brain arteries. Emboli that arise from the
heart or aorta should go equally to each side, proportionately to the anterior and
posterior circulation arteries, and the signals should appear in the neck before
appearing intracranially. In contrast, emboli that originate in a neck artery should
go only to the intracranial arterial branches on the side of the donor artery, and
embolic signals do not appear in the neck. For example, emboli from the left
internal carotid artery (ICA) generate embolic signals detectable in the left middle
cerebral artery and not in the neck, posterior cerebral, or right-sided arteries. This
technique now allows better identification of the nature of embolic materials and
their sources, and also allows some quantification of the emboli load and a means
of monitoring the effect of various therapies on lessening that load.

Newer diagnostic testing has now shown that embolism is a much more
common cause of stroke than it was thought to be in the past [22]. Physicians
in prior decades thought that release of embolic materials was an unusual event
with a high hit rate—that 1s, that emboli reaching intracranial arteries had a high
likelihood of causing stroke and brain infarction. Recent data show that embolic
particles are often found in the circulation but the hit rate is low [16-22]. These
particles can arise from a variety of donor sources including the heart, the aorta,
and neck and proximal intracranial arteries.

In this chapter we will first consider the pathology and pathophysiology of
brain embolism and then comment on the clinical and imaging findings of patients
with embolic strokes (from any donor source). Then we will turn to discussions
of the various donor sources—cardiac, aortic, and arterial—and their recognition,
clinical features, diagnosis, and treatment.

PATHOLOGY, PATHOPHYSIOLOGY AND
LOCATIONS OF BRAIN EMBOLISM

Lodging and Movement of Emboli

When emboli are released into the circulation, they travel distally until they lodge
in an extracranial or intracranial brain artery. Unlike thrombi, which are formed
locally in areas of atherosclerosis or other endothelial damage, emboli are loosely
adherent to the vascular walls in the region where they first land. An embolus
might precipitate a vasoconstrictive response in the recipient artery. Blockage of
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the recipient artery causes a sudden decrease in blood flow and pressure in the
artery distal to the blockage. The brain tissue supplied by the artery becomes
iIschemic. These changes in the supply zone of the recipient artery quickly induce
collateral blood flow. One of the authors (L.R.C.) recalls vividly being present
for animal experiments performed by his neurology chairman, Dr. Derrick
Denny-Brown. After the dura mater had been opened, exposing the pial arteries,
Denny-Brown tied the carotid artery in the neck on the side of the surgical expo-
sure. After a very brief period of pallor of the brain and decreased blood flow
through the pial arteries, there was rapid reperfusion through collateral vascular
channels. Surgeons sometimes tie neck arteries that feed aneurysms, most often
without causing persistent brain ischemia. Collateral blood flow develops very
rapidly and is often sufficient to maintain adequate perfusion of the brain.

The sudden blockage of a brain-feeding artery often leads to symptoms of
dysfunction of the area of brain supplied. When collateral blood flow develops,
the symptoms may stabilize or even improve. The nonadherent embolic particles
often do not remain at their initial recipient site but fragment and move distally.
Sequential arteriograms, or even sequential injections during the same arte-
riogram, can show passage of emboli from their initial resting place [23-25].
This distal passage of emboli often occurs without causing new symptoms since
the fragments may pass through the system without causing further ischemic
damage. Alternatively, the embolus might block a distal branch. If collateral cir-
culation to the supply area of that branch is not adequate, then further brain
ischemic symptoms and brain infarction may develop.

Hemorrhagic Infarction

When embolism causes brain infarction, the infarcts are often hemorrhagic.
Miller Fisher and Raymond Adams extensively studied their necropsy material
to define the mechanism of hemorrhagic infarction in the brain [26,27]. Obstruc-
tion of a brain-supplying artery causes ischemia to neurons and also causes isch-
emic damage to the blood vessels within the area of ischemia. When the obstruct-
ing embolus moves distally, the previously ischemic region is reperfused with
blood. The damaged capillaries and arterioles within that region are no longer
competent and blood leaks into the surrounding infarcted tissue. An example of
this mechanism is shown in Figure 1, from the Fisher and Adams study [27]. In
this patient an embolus had initially blocked the mainstem middle cerebral artery
(MCA) before its lenticulostriate branches, causing ischemia to the basal ganglia,
internal capsule, and the superficial cortical territories supplied by the MCA.
The embolus then moved and at necropsy had passed beyond the lenticulostriate
branches but continued to obstruct the MCA more distally. The reperfused deep
basal ganglionic region was very hemorrhagic at necropsy while the superficial
territory of the MCA which was never reperfused showed a bland infarct.
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Fic. 1 (a) Coronal section of the brain at necropsy showing a hemorrhagic infarction on
the right involving the caudate nucleus and putamen, regions supplied by the lenticulostri-
ate branches of the right middle cerebral artery. (b) Cartoon of the intracranial internal
carotid artery and its branches at necropsy. An embolus (hatched region) was found in
the distal portion of the mainstem middle cerebral artery beyond the lenticulostriate
branches that supply the caudate nucleus and putamen. This embolus, at one time, must
have blocked these penetrating branches and then moved more distally in the artery. (From
Ref. 27.)
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The essential cause of hemorrhagic infarction is reperfusion of previously
ischemic tissue. The other mechanism that causes hemorrhagic infarction besides
embolism is systemic hypoperfusion. After cardiac arrest or shock, the reinstitu-
tion of effective circulation after a prolonged period of brain hypoperfusion can
lead to hemorrhage within border zone infarcts. Hemorrhagic changes are ex-
tremely common in patients with brain embolism. In two series, the investigators
prospectively studied the frequency of hemorrhagic infarction on sequential
brain-imaging scans. Yamaguchi et al. compared the findings on CT scans per-
formed 3 to 10 days after stroke in 120 patients with embolic brain infarcts with
109 patients whose infarcts were considered due to local thrombotic occlusive
disease [28]. Hemorrhagic infarcts were found in 45 patients (40% ) with embolic
infarcts, compared to two (1.8%) patients with local thrombosis-related infarcts
[28]. Okada and colleagues studied 160 patients who had presumed embolic brain
infarcts by performing CT scans every 10 days during hospitalization [29]. Hem-
orrhagic infarction was found on CT at some time during the course in 65 (40.6%)
patients. Hemorrhagic changes were found on the initial CT scan performed dur-
ing the first 4 days in only 10 patients (6%), while the remainder of the hemor-
rhagic infarcts were found on follow-up CT scans. Studies at the New England
Medical Center in Boston showed that all of the patients with cerebral [30] and
cerebellar |31] hemorrhagic infarcts that were studied and reported had embolic
causes. MRI is more sensitive than CT at detecting hemorrhagic changes, so
sequential MRI probably would show a frequency of >50% for hemorrhagic
changes in patients with embolic brain infarcts.

In the great majority of patients, hemorrhagic infarction consists of diape-
desis of red blood cells into infarcted tissue. Often the appearance is that of
scatterred petechial hemorrhages, or a confluent purpuric pattern scattered
throughout the infarct [32]. Figure 2 shows a well-circumscribed hemorrhagic
infarct caused by an embolus to a small branch of the middle cerebral artery. As
in Figure la, this infarct is very hemorrhagic because of confluent bleeding into
ischemic brain tissue. Figure 3 shows hemorrhagic stippling within bilateral pos-
terior cerebral artery territory infarcts caused by an embolus to the rostral basilar
artery bifurcation. In some brain infarcts, especially large ones involving more
than one lobe, localized homogeneous collections of blood (hematomas) can de-
velop within the region of hemorrhagic infarction. In the great majority of patients
with hemorrhagic infarcts, the hemorrhagic transformation does not cause any
alteration in the clinical symptoms and signs. The hemorrhagic changes are usu-
ally found on routine follow-up scans. Bleeding into dead tissue does not alter
clinical findings unless a large space-taking hematoma develops.

When studied, anticoagulation of patients with hemorrhagic infarction due
to brain embolism did not cause an increase in bleeding [30]. Intermists and
cardiologists are accustomed to treating patients with hemoptysis caused by pul-
monary embolism with heparin followed by coumadin. These patients with pul-
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FiG. 2 Cut section of the posterior portion of the brain at necropsy. A very well circum-
scribed, triangular-shaped, very hemorrhagic infarct is seen within the parietal lobe on
the left (white arrows). This infarct was the result of an embolus to a branch of the middle
cerebral artery.

monary embolism-related hemoptysis have beefy hemorrhagic lung infarcts, and
yet heparin does not seem to create a major risk for further symptomatic lung
bleeding. The situation is similar within the brain. Recent studies have shown
that anticoagulation of patients with hemorrhagic infarcts in the brain due to
dural venous sinus occlusion have better outcomes if treated with anticoagulants
[33,34]. However, anticoagulation, especially using an intravenous bolus dose of
heparin, does carry a risk of hematoma formation in patients with large brain
infarcts even when no hemorrhagic changes are initially present.

Location and Size of Embolic Occlusions and
Brain Infarcts

About 80% of emboli that arise from the heart go into the anterior (carotid artery)
circulation, equally divided between the two sides. The remaining 20% of emboli
go into the posterior (vertebral and basilar arternies) circulation, a rate roughly
equal to the proportion of the blood supply that goes into the vertebrobasilar
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Fic. 3 Cut section of the posterior portion of the brain at necropsy showing a bilateral
hemorrhagic infarct within the territories of the posterior cerebral arteries (white arrows).
The black stippled areas within the infarct represent small hemorrhages. These infarcts
are a result of a single embolus temporarily blocking the distal bifurcation of the basilar
artery, impeding flow to the left and right posterior cerebral arteres.

arteries. In the Harvard Stroke Registry [15] 78% of emboli caused clinical ante-
rior circulation ischemia while the frequency of anterior circulation embolism
was 85% in the Michael Reese Stroke Registry [35] and 70% in the Lausanne
Stroke Registry [36]. The recipient artery destination depends on the size and
nature of the particles. Calcific particles from heart valves or mitral annular calci-
fications are less mobile and adapt less well to the shape of their recipient artery
resting place than red (erythrocyte-fibrin) and white (platelet-fibrin) thrombi. The
circulating bloodstream seems to be able somehow to bypass obstructing choles-
terol crystal emboli, especially in the retinal arteries.

Within the anterior and posterior circulations there are predilection sites
for the destination of embolic particles. Large emboli entering a common carotid
artery could become lodged in the common or internal carotid artery, especially
if atheromatous plaques had already narrowed the lumens of these vessels. If the
emboli were able to pass through the carotid arteries in the neck, the next common
lodging place 1s the intracranial bifurcation of the internal carotid arteries (ICAs)
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PCA

ICA —

Fi6.4 Drawing of the internal carotid artery and its intracranial branches as they appear
on carotid angiography, anteroposterior view. ACA, anterior cerebral artery: PCA, poste-
rior cerebral artery: MCA, middle cerebral artery; ICA, internal carotid artery. Drawn by
Dr. Juan Sanchez Ramos. (From Ref. 75.)

into the anterior cerebral (ACA) and middle cerebral (MCA) arteries. Figure 4
is a drawing of the intracranial carotid artery showing the major intracranial
branches. Bifurcations are common resting places for emboli.

Emboli that pass through the carotid intracranial bifurcations most often
go into the MCAs and their branches. Gacs et al. showed that balloon emboli
placed in the circulation nearly always followed the same pathway and ended up
in the MCASs and their branches [37]. Embolism in experimental animals pro-
duced by the introduction of silicone cylinders or spheres, elastic cylinders, and
autologous blood clots, also showed a very high incidence of MCA territory
localization [38]. Emboli often pass into the superior and inferior divisions of
the MCA and the cortical branches of these divisions. The superior division sup-
plies the cortex and white matter above the Sylvian fissure including the frontal
and superior parietal lobes. The inferior division supplies the area below the
sylvian fissure including the temporal and inferior parietal lobes. Figure 5 is a
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Superior lrunk
of the MCA

Fic. 5 Drawing of the lateral surface of the brain showing inferior trunk divisions of
the middle cerebral artery and their branches. MCA, middle cerebral artery. Drawn by
Dr. Juan Sanchez Ramos. (From Ref. 75.)

drawing of the convexal surface of the brain that shows the divisions of the MCA
and their main branches. Figure 6 is a drawing of a cut section of the brain
showing the supply zones of the different cerebral arteries. The middle cerebral
artery supplies most of the convexal surface of the brain and the basal ganglia.
The ACA supplies the paramedian frontal lobe. Emboli seldom go into the pene-
trating artery (lenticulostriate arteries) branches of the MCAs or the penetrators
from the ACAs because these vessels originate at about a 90° angle from the
parent arteries.,

Embolism into the MCAs can cause a variety of different patterns of in-
farction. Figure 7 shows drawings of CT scans of nine patients with MCA em-
bolic infarcts, and Figures 8 to 14 are imaging scans of patients with embolism
involving the MCA territory. It is essential for clinicians to be able to recognize
the various patterns of infarction. Blockage of the mainstem MCA before the
lenticulostriate branches can cause a large infarct that encompasses the entire
MCA territory including the deep basal ganglia and internal capsule as well as
the cerebral cortex and subcortical white matter of both the suprasylvian and
infrasylvian MCA territories (Fig. 7D, 71).

In some patients an embolus has blocked the intracranial carotid artery,
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Fic. 6 Drawing of a coronal section of the brain through the cerebral hemispheres and
the thalamus showing the distribution of supply of the major cerebral arteries. (a) Basilar
artery. (b) Thalamoperforating artery branches of the proximal posterior cerebral artery.
(¢) Anterior choroidal artery. (d) Horizontal segment of middle cerebral artery. (e) Lenti-
culostriate arteries to the putamen and caudate nucleus. ACA, anterior cerebral artery;
MCA, middle cerebral artery; AChA, anterior choroidal artery; PCA, posterior cerebral
artery. Drawn by Dr Juan Sanchez Ramos. (From Ref. 75.)

causing infarction of the ACA territory as well as the entire MCA territory (Fig.
8). In young patients, when the mainstem MCA is blocked, the rapid development
of collateral circulation over the convexity of the brain often leads to sparing of
the superficial territory of the MCA. The lenticulostriate branches are blocked
by the clot in the mainstem MCA, and collateral circulation to the deep MCA
territory 18 poor. The resultant infarct is limited to the basal gangha and sur-
rounding cerebral white matter and is usually referred to as a striatocapsular in-
farct (Figs. 7A, 9).

Passage of an embolus into the superior division of the MCA leads to a
cortical/subcortical infarct in the region of the suprasylvian convexity (Figs.
TE-G [right side], 10, 11), and embolism to the inferior division leads to an
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Fic.7 Drawings from CT scans of patients with embolic brain infarcts in middle cerebral
artery distribution, (a) Striatocapsular infarct, (b,c) Deep basal ganglionic-capsular and
superficial territory infarcts. (d,i) Entire middle cerebral artery territory infarcts. (e—g)
Superior division infarcts; (h) inferior division infarct. (g,h) Small cortical branch territory
infarcts (right side). (From Ref. 75.) with permission.
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Fi. 8 CT scan showing a large infarct (black arrows) involving anterior cerebral artery
territory (double arrows) and entire middle cerebral artery territory on the right.

infarct limited to the temporal and inferior parietal lobes below the sylvian fissure
(Figs. 7H [left side], 12, 13). When an embolus rests first in the mainstem MCA
and then travels to one of the divisional branches, infarction involves the deep
territory and cortex above or below the sylvian fissure (Fig. 7B, 7C). Small emboli
block cortical branches and cause small cortical/subcortical infarcts involving
one or several gyri (Figs. 7G |left side], 14).

Occasionally emboli block the anterior cerebral artery or its distal branches.
This causes an infarct in the paramedian area of one frontal lobe. Figure 15 is
a CT scan showing a typical anterior cerebral artery territory infarct due to embo-
lism.

Emboli that enter the posterior circulation can block the vertebral arteries
in the neck or intracranially. Emboli that are able to pass through the intracranial
vertebral arteries (ICVAs) will usually be able to pass through the proximal and
middle portions of the basilar artery, which are wider than the ICV As. The basilar
artery becomes narrower as it courses craniad. Emboli often block the distal basi-
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FiG.9 CT scan showing an elliptical-shaped infarct within the basal ganglia and internal
capsule on the right of the picture (white arrows).

lar artery bifurcation (“‘top of the basilar’”) or one of its branches. The main
branches of the basilar artery bifurcation are penetrating arteries to the medial
portions of the thalami and midbrain, the superior cerebellar artery, which sup-
plies the upper surface of the cerebellum, and the posterior cerebral arteries
(PCAs), which supply the lateral portions of the thalami and the temporal and
occipital lobe territories of the posterior cerebral arteries (PCAs). Figure 3 shows
a hemorrhagic infarct in the territory of the bilateral PCAs that resulted from an
embolus to the rostral basilar artery biturcation. Figure 15 is a cartoon showing
the usual loci of posterior circulation embolism. The most frequent brain areas
infarcted are the posterior inferior portion of the cerebellum in the territory of
the posterior inferior cerebellar artery (PICA) branch of the ICVA; the superior
surface of the cerebellum in the territory of the superior cerebellar artery; and
the thalamic and hemispheral territories of the PCAs. The clinical and imaging
findings in patients with these lesions are described in detail elsewhere [39-
41].

In the Harvard Stroke Registry, angiography was commonly used for diag-
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Fic. 10 CT scan showing a superior division middle cerebral artery territory infarct (sin-
gle black arrow).

nosis since many patients were seen before CT scans were available. Table 2
shows the frequency of embolic occlusions in the various intracranial arteries
based on angiography. The MCAs were involved in 80% of patients; the main-
stem MCA and superior division branches were the regions within the MCAs
that were most often occluded [15]. In the Lausanne Stroke Registry, the distribu-
tion of infarcts in patients with potential cardiac sources of emboli was based on
neuroimaging using either CT or MRI [42]. Among 1311 patients in the Lausanne
Registry that were tabulated, 305 (23%) had potential cardiac sources of emboli
[42]. Table 3 shows the distribution of brain infarcts among these 305 pa-
tients.

Emboli of cardiac origin are often larger than those arising in the proximal
arteries, so the infarcts are, on average, larger than artery-to-artery infarcts
[43-45]. In the Stroke Data Bank, the medium volume of infarction on CT in
patients with cardiac origin embolism was 2.4 times that found in patients with
intra-arterial embolism. a highly significant difference (P < .01) [45]. In a study
of over 2000 stroke patients, the average size of brain infarcts due to cardiac-
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Fic. 11 MRI scan, T.-weighted, showing a small superior division infarct on the right
(white arrow).

source embolism was 73.7 ¢cm’, vs. 48.9 cm® for nonembolic infarcts [46]. A
decreased level of consciousness early during the course of the stroke, a finding
probably related to the size of infarction, among other factors, was also signifi-
cantly more common in Stroke Data Bank patients with cardiogenic embolism
compared to those with intra-arterial embolism (29.8% vs. 6.1%; P < .01) [45].

Another important feature of cardiac origin embolism 1s development of
multiple cortical/subcortical infarcts in multiple vascular territories within both
carotid circulations and the posterior circulation, especially in the absence of
severe proximal arterial occlusive lesions. Emboli arising from the aorta probably
share the same patterns as that found in cardiac-origin embolism, although recipi-
ent sites of aortic-origin emboli have not been extensively studied.
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Fic. 12 CT scan showing an inferior division middle cerebral artery teritory infarct on
the left (curved black arrows).

Emboli that arise from proximal arteries go only into branches of that ar-
tery. Repeated embolism into one MCA suggests an intrinsic lesion of the carotid
artery on that side. The distal termination sites within the anterior and posterior
circulations are the same as that described above in cardiac-origin embolism.
Proximal arterial disease often induces circulatory changes with increased collat-
eral circulation. The preexistence of collateral circulation might limit the size of
intra-arterial embolic infarcts when compared to cardiac and aortic-origin embo-
lism in which there is no such preevent adaptation. The distribution of infarcts
according to superficial and deep intracranial territories also probably differs be-
tween patients with cardiac and intra-arterial sources of embolism. Table 4 shows
the distribution of infarcts in the Stroke Data Bank [45]. Superficial and deep
infarcts were much more common in patients with cardiac sources of embolism
[45]. Large emboli more often block the mainstem MCAs and PCAs before their
penetrating artery branches, leading to infarcts that are both deep and superficial.
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Fic. 13 MRI, T,-weighted image, showing a small inferior division infarct on the right
(white arrows).

In contrast, purely superficial infarcts were more common in patients with intra-
arterial embolism [45].

CLINICAL FEATURES AND DIAGNOSIS
Early Clinical Course

The most common and most characteristic time course in patients with embolism
to a brain artery 1s the very sudden onset of neurologic symptoms and signs that
are maximal at onset. After the embolus blocks the recipient artery, collateral
circulation begins to develop and some improvement occurs. The breakup and
distal movement of the embolus strongly affects the subsequent clinical course.
Movement of emboli 1s most common during the first 48 hours after symptom
onset. In the Harvard Stroke Registry, angiography performed after 48 hours in
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Fi. 14 CT scan showing a cortical branch middle cerebral artery territory infarct on
the right (black arrow).

patients with clinical brain embolism was often normal, but immediate angiogra-
phy performed within hours after symptom onset nearly always showed embolic
intracranial occlusions [15]. Others have also shown a very high rate of angio-
graphic detection of emboli when studies are performed within 8 hours after
stroke onset [47,48]. Transcranial Doppler monitoring of intracranial arteries after
onset of embolic strokes also shows a high frequency of emboli passage [49].
Movement of emboli before the development of irreversible brain damage
allows reperfusion of previously ischemic brain tissue and is usually accompanied
by clinical improvement in symptoms and signs. However, in some patients the
embolus or its fragments block an important distal branch, leading to further
ischemia and worsening of symptoms. For example, a patient with an embolus
to the left mainstem MCA might have the sudden onset of right hemiplegia and
hemisensory loss and aphasia. When the embolus passes and the lenticulostriate
arteries supplying the internal capsule and basal ganglia regions are reperfused,
the hemiparesis might improve. Improved cortical blood flow might be accompa-
nied by improvement in speech. If the embolus passed into the inferior division
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FiG. 15 CT scan showing an anterior cerebral artery teritory infarct on the left (black
arrow).

of the MCA supplying the temporal lobe and occluded the artery, the patient
might then have the further onset of a fluent Wernicke-type aphasia. When there
is further worsening after initial improvement in patients with embolism, the
worsening usually occurs in a single step and nearly always occurs during the first
48 hours. Multiple stepwise worsenings, gradual smooth worsening, and delayed
worsenings are unusual. Late worsening, after 48 hours, should raise suspicion
of hemorrhage into the area of infarction since hemorrhagic transformation often
occurs between days 2 and 7 after stroke onset. Table 5 shows the course of
deficit in various stroke registries comparing patients with embolism and in situ
thrombosis [15,35,36].

Another pattern quite characteristic of brain embolism has been called
“*spectacular shrinking deficit’” by Mohr [50]. This term describes sudden, com-
plete or nearly complete clearing of a sudden-onset severe neurologic deficit.
Most often the patient has had a mainstem MCA or basilar artery embolus which
rapidly passed. An example of each situation will illustrate this syndrome, which
1s diagnostic of embolism.

A 65-year-old woman, while eating lunch, suddenly collapses and i1s
brought to the hospital. Examination shows: her eyes are conjugately
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Fic. 16 Cartoon drawing showing the base of the brain and the major arteries of the
posterior circulation. The left lower curved arrow is the left intracranial vertebral artery.
The upper left straight arrow points to the basilar artery. The right curved artery shows
the right superior cerebellar artery, and the upper right straight arrow shows the right
posterior cerebral artery. The right intracranial vertebral artery, basilar artery, right supe-
rior cerebellar artery, and right posterior cerebral arteries are shown to be blocked by
emboli. The resultant cerebellar and posterior cerebral artery territory infarcts are shaded
gray. Drawn by Dari Paquette. (From Ref. 41.)

deviated to the left, she does not speak, her right limbs are paralyzed,
she does not respond to pin or pinch on her right limbs and body, and
she does not heed or look at stimuli on her right side. CT scan is negative
but TCD shows no blood flow signal in the left MCA. The family sees
her poor condition and is told that the outlook is quite grim. Suddenly,
within an hour, the patient begins to speak and move the right limbs and
quickly returns virtually to normal. Subsequent TEE evaluation shows a
large protruding mobile aortic atheroma.

One evening, a 75-year-old woman coughs and becomes unresponsive.
She is brought to the hospital comatose. Her pupils are small and not
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TaBLE 2 Vascular Recipient Arteries in the
Harvard Stroke Registry Based on Cerebral

Angiography

Anterior cerebral artery 3 (3%)

Middle cerebral artery 75 (80%)
Mainstem 26
Superior division 9
Superior division branch 22
Inferior division 8
Inferior division branch I
Multiple branches 9

Posterior cerebral artery 1T (12%)

Basilar artery 5 (5%)

Source: Ref. 15.

reactive to light. Her eyes are deviated downward and inward. She does
not respond to stimuli. EKG shows atrial fibrillation. The family is in-
formed that she may be in a terminal coma and to prepare for the worst.
The family members go home. CT scan is performed and is normal, as
1s TCD. The next morning the patient calls home and asks for her clothes

and her toothbrush and berates the family for not bringing these things
with them.

TaBLE 3 Topography of Infarcts in the Lausanne
Stroke Registry in Patients with Potential Cardiac
Sources of Embolism

Anterior circulation 213 (70%)
Global MCA 33 (11%)
Superior division MCA 60 (20%)
Inferior division MCA 54 (18%)
Deep subcortical 56 (18%)
Anterior cerebral artery (ACA) 9 (3%)
ACA and MCA together 1 (0.3%)

Posterior circulation 69 (23%)
Brainstem 18 (6%)
Thalamus (deep PCA) 12 (4%)
Superficial PCA 21 (7%)
Superficial and deep PCA 3 (1%)
Cerebellum 10 (3%)

Source: Ref. 42.
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TaBLE 4 Distribution of Infarcts in the Stroke Data Bank

Cardiac-origin Intra-arterial

Infarct type embolism embolism
Superficial infarcts 24% 61%
Deep small infarct 13% 10%
Deep large infarcts Q% 16%
Superficial and deep infarcts 53% 13%

Source: Ref. 45,

These two patients were cared for by one of the authors (L.R.C.). The first
patient had a mainstem left MCA embolus which caused severe but transient
dysfunction of the supply zone of that artery. The TCD confirmed blockage of
the MCA, but CT showed no infarction. The left hemisphere was temporarily
stunned, that is, not receiving enough blood containing oxygen and sugar to func-
tion, but not sufficiently deprived to develop irreversible damage. Passage of the
embolus allowed rapid recovery of hemispheral function. The second patient had
a top-of-the-basilar-artery embolus [39] with temporary midbrain and thalamic
stunning. CT confirmed that this dysfunction was not caused by pressure from
a large hemispheric lesion with herniation, and that there was no infarction in
the upper brainstem. The embolus passed sometime during the night.

In one study, among |18 patients who had the abrupt onset of neurologic
deficits, 14 had rapid clearing of their neurologic signs within 24 hours, and in
10, the deficit cleared within 4 hours [51]. All 14 of the patients with spectacular

TABLE 5 Early Course of Deficit in Patients with In Situ Thrombosis vs. Embolism in
Various Stroke Registries

Thrombosis Embolism
Course HSR MRSR LSR HSR MRSR LSR
Maximal at onset 40% 45% 66% 79% 89% 82%
Stepwise/stuttering 34% 30% 11% 0%
Progressive 27% 13%
Gradual smooth 13% 14 5% 1%
Fluctuating 13% 11% 1% 5% 5%

HSR, Harvard Stroke Registry [15]; MRSR, Michael Reese Stroke Registry [35]: LSR, Lausanne
Stroke Registry [36]. In the LSR, gradual smooth and stepwise/stuttering are considered as progres-
sive.
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shrinking deficits had cardiogenic embolism. Angiography in this series showed
migration of emboli in the patients with these shrinking deficits [51].

Transient Ischemic Attacks

Temporary deficits that qualify as TIAs do occur in some patients with brain
embolism. In patients with arterial sources of emboli, the attacks are always in the
supply territory of the affected artery. For example, a patient with atherosclerotic
stenosis of the right ICA might have attacks of right monocular visual loss and/or
spells of numbness or weakness of the left arm, hand, face, or leg. A patient with
right vertebral artery stenosis might have attacks of double vision, dizziness, and
staggering. In patients with cardiogenic- or aortic-origin embolism, when attacks
occur they are usually random and 1n different vascular territories.

A patient of one of the authors (L.R.C.) awakened one night to urinate,
and suddenly noted weakness and numbness of the left limbs. By morn-
ing the deficit had cleared and he did not tell his wife or a doctor. He
had been feeling poorly for weeks with night sweats and fever, symp-
toms which he also concealed from others. The very next night, he again
arose to urinate and now found that his right hand was weak. His wife
heard him return to bed and noted that his voice was slurred and his
speech did not make good sense. By the morning when she brought him
to the doctor, he had almost returned to normal.

CT showed a small left precentral gyrus infarct. The doctor was
unsure whether the patient might have been confused about the side
mvolved in the first occurrence and ordered noninvasive vascular studies
of the extracranial and intracranial carotid and vertebral artery circula-
tions, which were normal. Subsequent testing showed that the patient
had bacterial endocarditis and probably had two emboli, one to the right
and the other to the left cerebral hemispheres.

The definition of a TIA usually cited is that of a transient focal deficit that
clears within 24 hours. This definition is quite arbitrary, and, in fact, most TIAs
clear within | hour [52]. Despite the fact that the symptoms are transient, CT
and MRI often show infarcts in regions of the brain appropriate to the symptoms
|52-54]. Patients with transient focal symptoms and patients with symptoms that
persist have potentially serious cerebrovascular, cardiac, or hematological condi-
tions and are at risk for further strokes. Brain ischemia deserves thorough evalua-
tion irrespective of the timing of clinical symptoms.,

Activity at Onset

Standard clinical teaching 1s that strokes due to in situ thrombosis usually develop
upon arising from sleep or after a nap, thrombosis having occurred while the
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